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Wood Taint in Butter: 

Laboratory Experiments with Special Reference to Pinus 
radiata {imignis) and Hoop Pine {A. cunninghamii). 

By W. J. Wiley, MSc. 

Mr. Wiley is a graduate of the University of Queensland who has recently 
returned to Australia after obtaining two years’ post-graduate experience at 
the Dairying Research Institute at Reading, England, as a student under the 
Science and Industry Endowment Fund (see this Journal, 1: 99, 1927). His 
work on butter taint was carried out under the general direction of a Committee 
consisting of Mr. I. H. Boas (Chief of the Division of Forest Products, C.S.I.R.), 

Dr. W. J. Young (Associate-Professor of Biochemistry, University of Melbourne), 
and Mr. P. J. Carroll (Supervisor of Dairy Exports, Commonwealth Department 
of Markets). The chemical portion of the investigations was carried out in 
the Biochemical Department of the University of Melbourne. Work on other 
aspects of the investigation, for example those relating to the larger scale tests, 
the use of various timbers, &c., was carried out at the Division of Forest Products 
laboratories at Albert-street. Actual storage tests wore made in various centres 
in Adelaide, Melbourne, Sydney, and Brisbane. 

In his second article, Mr. Wiley has indicated the help given by organiza¬ 
tions and individuals other than those mentioned above, and in particular the 
generous grant of £300 by the Australian Dairy Council. To all who have 
assisted, the Council tenders its grateful thanks for their helpful co-operation. 

—Ed. 

Summary. 

The “ wood taint ” in butter imparted by P. radiata is due to slightly volatile oil. 
The smell and flavour sometimes imparted by hoop pine are due to different substances 
in the wood not necessarily always occurring together. The only wrapping material of 
several tested which was found to be less permeable to the tainting vapours than the 
usual parchment was “ waterproof ” cellophane. A simple laboratory test is described 
for determining the tainting properties of a wood. 

Work on protective coatings is proceeding and is reported in the second article. 

I. Introduction. 

The taint sometimes given to butter by the wood of the container is of 
particular importance to the Australian dairy industry. Owing to the 
storage period necessitated by transport before export butter is placed on 
the market, there is every opportunity for the taint to develop, and reports* 
have been received showing serious de-grade in some export butters due to 
wood taint. The subject is also of considerable importance to the Australian 
timber industry, as a large proportion of the butter boxes used are manu¬ 
factured of imported timber. Experience has shown that New Zealand 
white pine {Podocarpus dacrydioides) is a satisfactory timber, as complaints 
of wood taint from its use are rare, it is of pleasing appearance, and has 
desirable mechanical properties. Many butter manufacturers thus continue 
to use it, although boxes of Australian timber are available. 


Wigan, F. Reports to the Commonwealth Department of Markets, 1928-0. 
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The Australian timber which has been most used is Queensland hoop 
pine (Araucaria cunninghamii). It has been in use chiefly in Queensland 
for many years, but occasional complaints of the tainting of butter from 
boxes made of it have hindered its more general adoption. 

The magnitude of the butter box industry can be judged from the fact 
that during the 1930-31 season nearly 3,000,000 boxes were exported and 
many more used in the local trade. 

2. Previous Work. 

Considerable experimental work has been done at various times on hoop 
pine as a timber for butter boxes. In 1902, F. B. Guthrie records* a few 
experiments in which Richmond River pine (hoop pine) proved as suitable 
as New Zealand white pine, and in 1906, Queensland hoop pinef was found 
to be satisfactory. These experiments were performed in view of the 
probable shortage of New Zealand white pine.” However, complaints of 
wood taint were occasionally received and numerous small experiments were 
made. In 1925, the Institute of Science and IndustryJ as the result of 
inquiries, summarized the then available knowledge as follows :— 

1. All kinds of wood, however well seasoned, cause some taint in butter if it is 
packed in contact with the wood. A lining of special “ butter paper ’* ip sufficient to 
prevent the taint. 

2. Certain woods, well seasoned and dry, can be used without fear of taint if the 
boxes are lined with butter paper, e.g.. New Zealand white pine, Queensland hoop pine, 
Swedish white pine, and American spruce and white fir. 

3. Some woods, if used unseasoned, produce taint even when the usual paper lining 
is used, but when well reasoned and lined with paper can be used without producing 
wood taint, e.g., Queensland hoop pine. 

4. Some woods, irrespective of seasoning, wUl taint the butter through the paper 
lining, e.g., black heart or sinker pine of Queensland. 

5. The timbers which have given satisfactory results with paraffining the wood or 
with lining the box with paraffined cardboard are those which have given satisfactory 
results without the paraffining or the use of paraffined cardboard. 

Complaints of serious wood taint from hoop pine became more insistent 
soon after this, and in 1929 a Committee was set up in Queensland containing 
representatives of the dairying and timber interests. This Committee§ made 
many practical experiments, and its final conclusions were summarized as 
follows :— 

1. The defect referred to as wood taint in butter affects the surface only, usually 
penetrating not more than one-eighth of an inch. 

2. It occurs mostly along the corners and on the top surface. 

3. The defect is usually associated with air spaces or where air has contact with the 
butter. 

4. All species of timber may be associated with the defect. 

5. The seasoning of the wood does not prevent the incidence of the taint. 

6. Knotty timber and green timber are generally no more associated with the defect 
than first class clean pine. 

Double papering does not prevent the taint although it retards it. 

8. Horizontal papering and top surface covering is a distinct advantage in retarding 
the incidence of the taint. 

9. No timber produces any more satisfactory results than properly seasoned Queens¬ 
land pine. 

• Outlirle, F. B. Agne, Qaz. of N.a.W. 13 : 314. 1902. 

t Guthrie, F. B. Agnc. Gaz. of JS.S.W. 17 : 1900. 

t Beport to the Australian Dairy Council, 17th June, 1926 (unpublished). 

8 I am greatly Indebted to the Queensland Wood Taint Committee for its courtesy In making 
avuJlable to mo all Its experimental results and freely discussing different aspects of the subject. 
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The experience of years and experimental results show that hoop pine 
does sQmetimes taint butter. It is just as certain that it is sometimes a 
suitable wood imparting no taint to the butter. None of the experiments 
so far reported have indicated the reasons for this variability, or a certain 
means of detecting unsuitable timber. The erratic nature of the results 
obtained caused some doubt as to whether “ wood taint when applied to 
butter from hoop pine boxes really was due to the timber, and it was sug¬ 
gested that it might be of bacterial origin. Moreover, until some means 
was evolved of determining which samples would taint, it was considered 
useless to carry out practical butter-packing experiments with different 
wrapping materials or treatment of the timber with a view to preventing 
the taint. It is obvious too that any experiments in this direction would 
be on a sounder footing if the actual cause of the tainting were first definitely 
established. The laboratory work recorded in this paper was therefore 
undertaken. 

A complicating factor in the investigation of hoop pine is the occasional 
occurrence of what are known as ‘‘ sinker ” or stinker ” logs. Both terms 
are descriptive. The first term was applied because of the comparatively 
high density of these logs which caused them to sink during the logging 
operations common in the early days of the timber industry. They emit a 
particularly nauseating odour which is not lost in seasoning although 
becoming somewhat less intense. The timber is sometimes dark in colour. 
Although boxes made of it would be expected to taint butter, the results 
of the Queensland Wood Taint Committee showed that this did not invariably 
happen. Wood of this type will be referred to in this paper as “ stinker ” 
pine, but it must be clearly understood that such wood is not typical of hoop 
pine, and badly smelling boards would not be used by the conscientious 
miller in making butter boxes. However, there is a gradation from the 
non-odorous hoop pine to strong-smelling wood. The reason for the 
occurrence of these logs has not been investigated, but from inquiries it 
appears that the trees always exhibit some signs of injury and there is a 
probability of infection with disease. 

Pinus radiata (insignis) is a timber which has been extensively planted 
in South Australia and is now at the production age. Large and continuous 
supplies will shortly be available. Experiments with this wood for butter 
boxes in South Australia have shown that it imparts a characteristic taint 
to the butter. Some laboratory work was therefore done with it. 

The most probable reason for wood tainting appeared to be the occuiience 
of a highly-flavoured, volatile, fat-soluble constituent of the wood which 
could permeate through the parchment lining of the box, and by dissolving 
in the butter impart a taint. The experiments were directed with the 
object of testing this hypothesis. 

3. Experimental Work. 

The first experiments were made with the apparatus shown in Fig. 1. 
In this an electric fan A, with extended shaft, blows a current of air through 
a layer of wood shavings contained in the metal cylinder B, on to the 
surface of butter C supported beneath B, The apparatus is enclosed in a 
box lined with galvanized iron, and the air circulates continually through 
the wood shavings and on to the butter surface. The fan is 12 inches in 
diameter. The metal cylinder B is 13 inches in diameter and 20 inches 
long, {he lower 6 inches being tapered to a diameter of 6 inches. The butter 
is contained in a clock glass of 6 inches diameter. The shavings in C ar^ 
supported on a wire gauze fastened where shown in the figure. A loose 
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fitting circle of gauze placed above them prevents them being blown out 
of B by the fan. They are loosely packed so as not to hinder the passage 
of air mateiially. B is supported by metal rings in the containing box so 
that it can be readily lifted out. The lid of the containing box which 
supports the fan and the cover of a small opening for giving ready access 
to the butter are clamped on with bolts and wing nuts. 

With a 6-in. depth of shavings of 
P. radiatay cut with a hand plane from 
the edge of a |-in. board, placed in the 
container in this apparatus, it was 
found that after the fan had been 
running half an hour the butter had 
a distinctly tainted smell and flavour, 
the taint being reminiscent of turpen¬ 
tine and apparently identical with that 
obtained in practice from boxes made 
of this timber. After one hour’s run 
the taint was somewhat stronger, and 
after 3 hours was of approximately the 
same strength as after 1 hour. 

A particularly bad ^ample of 
‘"stinker” hoop pine gave similar re¬ 
sults. The taint was distinct in half an 
hour, somewhat stronger after 1 hoiu*, 
and of about the same strength after 3 
hours. The taint was typical of that 
in butttr tainted by hoop j)ine boxes in 
the usual way. The tainting smell of 
the butter decreased notably after ex¬ 
posure to the air for half an hour, but 
long exposure made little difference to the flavour. Two samjAes each of 
New Zealand white pine and of white non-odorous hoop pine when tested in 
this machine gave no taint to the butter aftei exposurt^s up to 5 hours. 
Four samples of hoop pine taken from butter boxes which had tainted gave 
a typical definite taint to the butter after half an hour in the machine. Four 
samples of thoroughly kiln-dried P. radiata all tainted the butter after half 
an hour. 

Shavings from P. radiata and hoop pine, after being spread out exposed 
to the air for 3 weeks, tainted to much the same extent as before airing. After 
5 months’ drying, however, both lots of shavings were found to impart but 
an extremely faint taint. It should be noted that 3 weeks’ exposure in the 
form of shavings would correspond to a far more thorough seasoning than 
the timber would probably ever have in practice. Kiln-dried P. radiata 
appeared to taint as badly as the unseasoned timber. These experiments 
thus confirm the conclusions that seasoning, as usually understood, has no 
effect on the tainting of butter by these woods. Very prolonged seasoning 
might diminish the intensity of the taint. 

As the butter from some samples could become tainted in half an hour, 
the only probable explanation is the simple chemical one of a substance 
volatilizing from the wood and dissolving in the butter, for a bacterial taint 
could hardly develop in this time. As shavings after exposure to the air 
for 3 weeks still tainted but after 5 months gave but a faint taint, the sub¬ 
stance must be but slowly volatile. 





9 


The apparatus then provides a ready means ot testing samples of wood 
which are likely to taint butter. Experiments with it led to the following 
conclusions:— 

1. Wood taint from P, radiata and hoop pine is due to substances 

dissolving in the butter which are slowly lost by volatilization 
from the wood. 

2. Practical seasoning does not lead to an appreciable loss of these 

substances from the wood. 


Further work was undertaken in order better to define the properties of 
the tainting substances. Aqueous extracts of stinker pine (a sample of 
which had been found to taint), P. radiata, and New Zealand white pine were 
prepared and poured on a layer of butter smeared on a clock glass and 
allowed to stand overnight. The extract was then poured-off, the surface of 
the butter washed with water and dried with filter paper. It was found 
that the butter from all the samples was but extremely faintly tainted, and 
although the stinker pine had imparted its smell to the butter surface, this 
was lost after half an hour’s exposure to the air. This lack of tainting by the 
aqueous extract of the woods confirms previous work on the tainting from 
hoop pine. 

Petroleum ether (B.P. below 60® C.) extracts of 10 grams of the same 
samples were prepared. The petrol was distilled off to a small bulk and 
the last few c.cs. evaporated on filter papers. These were placed on the 
surface of butter on watch glasses and allowed to remain overnight. New 
Zealand white pine extract gave a faint aromatic taste and smell to the 
butter. Stinker hoop pine extract gave a very faint smell not characteristic 
of the wood, but a strong flavour, typical of butter tainted by this wood. 
P, radiata extract gave a distinct smell and strong turpentine-like flavour to 
the wood typical of butter tainted by this wood. 

Ten gram portions of the same samples powdered (40 mesh) were mixed 
with 500 c.c. of water and the mixture distilled, the first 100 c.c. being 
collected ; 50 c.c. of this distillate, which was somewhat cloudy from all the 
timbers, was extracted three times with j)etrol ether and, after extraction, 
warmed carefully to drive off traces of petrol ether. The petrol solution was 
carefully evaporated down finally at room temperature on a clock glass 
which was inverted over one containing butter and allowed to stand over¬ 
night. The distillate and extracted distillate were tested for tainting power 
by being poured on butter smeared on a watch glass and allowed to stand 
overnight. The butter was graded next morning with the results shown in 
Table T. 


Tabtr I. 



Snioll 

Tast(* 

New Zealand White Pine — 

Steam distillate 

Same extracted with petrol ether 
Petrol soluble portion 

Faint 

None 

Faint 

Distinct, reminiscent of cardboard 
Very faint flavour of petrol ether 
Distinct, similar to steam distillate 

P. radiata — 

Steam distillate 

Same extracted with petrol ether 
Petrol soluble portion 

Strong 

None 

Strong 

Very strong 

Faint flavour of petrol ether 

Strong 

Stinker Hoop Pine — 

Steam di stillate 

Same extracted with petrol other 
Petrol soluble portion 

Strong 

Faint 

None 

Very strong 

Faint 

Strong 
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It is apparent that the tainting substances are volatile in steam and 
extracted the aqueous distillate by petrol ether. 

A sample of stinker hoop pine was thoroughly extracted with petrol 
ether in a sohxlet apparatus. After extraction, the wood appeared to smell 
as strongly as before. When the extracted and un>extracted woods were 
steam distilled as above, however, it was found that only the un-extracted 
wood imparted a flavour to the butter, while both gave the characteristic 
smell which, however, the butter soon lost on exposure to the air. On 
extracting the wood with water, the odorous substance dissolved, and on 
distilling this extract came over entirely in the first portion of the distillate, 
as judged by smell. 

The ready volatility in steam of the tainting substances is shown by the 
following experiment:—5 grams of powdered wood were mixed with 250 c.c. 
of water and the mixture distilled, the 1st, 3rd, 5th and 7th 25 c.c. portions 
being reserved, also the residue in the flask after distilling ofl this quantity 
of water. 

These fractions tested on butter gave the results shown on Table II. 

Table TI. 


-- 

Smell. 

Taste. 

Stinker Hoop Pine — 



1st 25 o.c. portion 

Very strong 

Very strong 

3rd 25 c.o. portion 

Moderate .. 

Moderate 

6th 26 0 . 0 . portion 

Faint 

Faint 

7th 25 0 . 0 . portion 

None 

None 

Residue in hash 

None 

Very weak, but distinct oaramel- 
liice flavour, quite different from 
wood taint 

P. radiata — 



1st 26 o.c. portion 

Strong 

Strong 

3rd 26 o.c. portion 

Faint 

Definite 

6th 25 c.o. portion 

None 

Extremely faint 

7th 25 o.c. portion 

None 

None 

Residue in flask 

None 

Weak, but distinct caramel-like 
flavour, quite different from wood 
taint 


Similar experiments to those described above were made with five 
samples each of P. radiata and stinker hoop pine. These confirmed the 
results recorded above. The conclusions to he drawn are— 

1. The flavour and odour imparted to butter by P. radiata are due 

to substances in the wood, insoluble in water, soluble in petrol 
ether, and readily volatile in steam. 

2. The flavour imported to butter by “ stinker ’’ hoop pine is due to 

substances in the wood, insoluble in water, soluble in petrol 
ether, and readily volatile in steam. 

3. The odour imparted to butter by “ stinker ” hoop pine is fugitive, 

disappearing when the butter is exposed to the air a few hours. 
It is due to a substance in the wood, soluble in water, and 
readily volatile in steam. 

The distinction between the odour and flavour-producing substances in 
stinker hoop pine is interesting and explains some contradictory results 
obtained in previous experiments. While in all the experiments performed 
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by us it was found that samples which had a strong smell also imparted 
the ** hoop pine ** taint, it is possible that the smelling constituent of the 
wood is sometimes present without appreciable quantities of the flavour- 
producing substance. Several samples of hoop pine tested by us imparted a 
strong flavour to the butter although the wood had no objectionable odour. 
It is plain then that the odour of a sample of hoop pine is not an indication 
of its liability to taint, but as 12 samples of stinker pine tested in the 
laboratory all imparted the wood taint flavour to butter, such wood must 
be more liable to taint than normal hoop pine. 

It is to be noted that the flavours imparted to the butter from “ stinker 
hoop pine, and those non-odorous samples which were found to taint the 
butter, were the same and identical with that observed in butter which has 
become tainted in the usual way from the box. 

It will be noted in Table I. that the sample of New Zealand white pine, 
when treated as described, imparted a distinct taint to the butter, although 
this sample gave no taint when tested in the apparatus first described. 
Similar distillation tests of powdered samples of both New Zealand white 
pine and hoop pine, some of them from boxes which had not tainted, showed 
that by distilling in this manner a distillate could be obtained which tainted 
the butter. For example, a sample of New Zealand white pine and one of 
hoop pine, both from butter boxes which had not tainted butter after 
10 weeks’ storage, gave the following results. 

Ten grams of the powdered wood were mixed with 500 c.c. of water and 
the 100 c.c. distilled from the mixture. The distillate was tested on butter 
in the following dilutions :—Full strength, 1 in 2, 1 in 4, and 1 in 8. The 
butter was arranged in the order shown in Table III. when graded. 



Table III. 


Timber. 

Strength. 

Taint. 

1. Hoop Pine .. 

2. New Zealand White Pine 

3. Now Zealand White Pine 

4. Hoop Pine .. 

6. Hoop Pine .. 

6. New Zealand White Pine 

7. Hoop Pine .. 

8. New Zealand White Pine 

Full strength 
Full strength 

1 in 2 

1 in 2 

1 in 4 

1 in 4 

1 in 8 

1 in 8 

Distinct hoop pine type of taint 
Distinct New Zealand white pine 
taint 

Distinct New Zealand taint 

1 Taint could bo detected, but too 

1 faint to be sure of type 

>No taint could be detected 


These particular samples of hoop pine and New Zealand white pine, 
when tested in this way, taint to approximately the same extent. 

Distillation as described concentrates the tainting substances, and it was 
desirable to work out a test based on this method which could distinguish 
samples that were likely to taint. Eventually the following procedure wa§ 
standardized, and is put forward here as a method that can be readily applied 
in any laboratory for determining the probable tainting properties of a wood- 


4. Laboratory Test for Timber which will Taint Butter. 

Five grams of the powdered wood are placed in a distilling flask and 
250 c.c. of distilled water added. After thorough mixing, the flask ia 
brought to the boil and 50 c.c. distilled, the distillation time being about 
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10 minutes. The distillate is mixed and 5 c.c. taken and diluted to 25 c.c. 
This is poured over the surface of 12 grams of butter uniformly spread on 
the interior of a 4-in. diameter clock glass. The butter with the overlying 
diluted distillate is allowed to stand overnight and next morning the surface 
is washed with water and the excess water taken off by absorbing on filter 
paper. The butter is then tasted and the odour observed. A timber suit¬ 
able for butter boxes should impart no more than a barely perceptible odour 
or flavour to the butter. 

Note 1.—The fineness of powdering of the wood does not seem to be 
critical. No difference could be observed when wood powdered to pass 
a 40 or 60 mesh sieve, or simply raspings obtained with a fine rasp, were used. 

Note 2.—The dilution 5 c.c., made to 25 c.c., is mentioned as it was found 
suitable in these experiments. A different observer might find some other 
dilution desirable. Unfortunately, the keenness of the palate is the deciding 
factor. The worker should try the test on several samples of non-odorous 
New Zealand white pine or clean non-odorous hoop pine preferably from 
butter boxes which havv. not tainted, and decide just what dilution he finds 
most suitable. 

Using the method as described above, 25 samples of “ stinker ” hoop pine 
and 23 samples of hoop pine from butter boxes which had tainted the butter, 
although not strongly smelling, wore found to impart definite taints to the 
test butter. The taints were of quite a different order of intensify to those 
obtained from 10 samples of New Zealand white pine and 10 samples of hoop 
pine obtained from non-tainting butter boxes in which either no taint could 
be detected or it was so faint as to be doubtful. 

Twenty samples of P. radiata varying from knotty to clean white timber 
all imparted taint to the butter in varying intensities, but always definite. 
The taint was strongest in the most knotty and resinous samples. Here it 
may be noted that several samples of knotty hoop pine did not taint. 


5. The Volatile Oils of P. radiata. 


3,500 grams of air-dry selected knotty and resinous P. radiata in the form 
of sawdust were steam distilled and the first 9 litres obtained extracted with 
low boiling point petrol ether. On careful evaporation of the petrol ether, 
17*5 grams (0 5 per cent, of the wood) of a pale yellow free-flowing oil were 
obtained having a strong turpentine-like flavour and odour. The determined 
properties of this oil were as follows :— 


Specific Gravity at 18° C. .. 

Specific Rotation .. 

Refractive Index .. .. ^ 

Distillation—77 per cent, distills between 


Solubles in 4 per cent. NaOH 
Pinene identified as being present by preparation 
of the nitrosyl chloride melting point 


0 87. 

-16 0 °. 

1-48. 

150° and 200° C. 
Remaining 33 per 
cent, distills above 
200° C. 

Trace. 

103° C. 


A sample of clean P. radiata^ free of knots, treated similarly, gave a yield 
of 0*05 per cent, of similar oil. The sample had been shown to taint butter. 

A minute drop of this oil on a clock glass inverted over butter in another 
clock glass and allowed to stand overnight imparted a strong odour and 
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flavour to the butter, typical of that obtained from the wood in practice. 
The intensity with which the oil taints butter can be judged from the following 
experiment. 

0 05 grams of the oil weie thoroughly mixed with 10 grams of butter by 
working with a spatula. One gram of tnis butter was mixed with 9 grams 
of butter, and this dilution continued four times in all. 

The final dilution, containing 5 parts per 1,000,000, was found to be 
tainted to a degree which would be described as “ very strong ** in butter 
grading and would definitely de-grade the butter. Judging by the intensity 
of taint obtained in this and similar experiments, it appears that wood- 
tainted butter from boxes of this timber in practice would contain from 
1 to 10 parts per million of the tainting oil. Two grains of the oil 
uniformly distributed throughout a 56 lb. box of butter would impart a 
strong wood taint to it. 


6. The Volatile Oils of Hoop Pine. 

5,000 grams of air-dry “ stinker ” hoop pine which had been shown to 
taint butter badly were steam distilled and the oils extracted with petroleum 
ether. The total yield was only 2 grams (0-04 per cent, of the wood). The 
oil recovered was of an oleo-resinous nature with a comparatively mild 
aromatic smell quite different from that from P, radiata. The flavour was 
very strong and pungent and, when imparted to butter, similar to that of 
the naturally tainted butter. 

Five parts per million of this oil in butter gave a very faint taint, but 
with 10 parts per million the taint was quite definite. 

The oil was soluble in ether, petroleum ether, alcohol, and, except for 
a small proportion of insoluble material, in cold 4 per cent, sodium hydroxide 
solution. It contained a small proportion of some substance giving an 
intense red colouration with the p. diazobenzene-sulphonic acid reagent of 
Hanko and Koessler*. Several samples of badly wood-tainted butter from 
hoop pine boxes were found to give this reaction quite definitely. However, 
the substance giving the reaction represents but a small proportion of the 
tainting oil and was found to occur in very variable proportions in samples 
of the wood which tainted. A definite reaction could not be obtained with 
some samples of tainted butter and so the test cannot be used as an indication 
of wood taint independent of taste. 


7. The Permeability of Various Wrapping Materials to the Tainting 

Vapours. 

The use of a more impermeable wrapper than the usual vegetable parch¬ 
ment has often been suggested as a preventative of wood taint. Of several 
tried by the Queensland Wood Taint Committee, tinfoil appeared to be the 
only one with which there was any certainty of preventing wood taint. 
Cellophane did not prove quite successful in the Committee’s tests, and New 
Zealandf experiments confirm this. However, several papers have been 
tested by us in practical experiments using the usual type of butter box 
made of P. radiata. The results of these tests are published in the second 
paper, and are interesting as they completely confirmed the conclusions 
drawn from the following simple laboratory experiments. 

* Hanke and Koessler. Jour. Biol. C?iem. 50: 235,271. 1922. 

t N.Z. Jour. Agrie. 40 : 400. 1930. 
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The papers tested were— 

Cellophane.—Grades 300, 400 and 1200 waterproof. 

Diallux.—A paper similar to cellophane in appearance. 

Glassone. 

Waxed Parchment.—This paper, described as waxed parchment in 
the trade, was not really a parchment but a good quality un- 
parchmentized waxed paper. 

Vegetable Parchment.—A good quality parchment of the usual type 
for butter wrapping. 

A layer of butter was smeared uniformly over the inside of a 4-in. diameter 
clock glass. Across this was stretched a sheet of the paper to be tested, and 
over this was inverted another clock glass of the same size. On the interior 
of this upper glass a drop of the volatile oil of P, radlata was placed. On 
tasting the butter on the lower glass after 30 hours standing at 12° C., the 
following results were obtained :— 

Cellophane 1200 waterproof .. .. No detectable taint. 

Parc Went .. .. .. .. Definite. 

Glassene .. .. .. .. Strong. 

Diallux .. .. .. .. Strong. 

Waxed “ Parchment ” .. .. Very strong. 

Cellophane 400 ,. . Vciry strong 

Cellophane 300 .. .. .. Very strong. 

In the practical exp(»riments with P. radiata boxes, cellophane 1200 
waterproof was also found to be the only wraf)per preventing taint, and the 
ordinary parchment was more satisfactory than any of the other papers. 

Laboratory experiments using the oil from hoop pine gave similar 
results. 

It is interesting to note that the order of permeability to the tainting 
oily vapours is not necessarily the same as to other gases. For instance, 
measurements of the rate of diffusion of carbon dioxide through these papers 
gave the following results :— 

Grams of carbon dioxide diffusing through 1 sq. cm. of the paper per 
minute from an atmosphere of carbon dioxide at a pressure of 2 cm. of water 
into an atmosphere of carbon dioxide free air under a vacuum of 3 cm. of 
water, temperature 12° C.— 

Grams x 10*. 


Cellophane 1200 .. .. .. .. 2 

Cellophane 400 .. .. 10 

Cellophane 300 ., 12 

Diallux .. .. .. .. 12 

Parchment .. 35 

Glassene .. .. .. .. .. 50 

Waxed “ Parchment ” .. .. .. 35,500 


Although parchment was considerably more permeable to CO 2 than 
cellophane 300 and 400, it is less permeable to the tainting vapours of wood. 
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Wood Taint in Butter: 
E!xperiments on its Prevention. 
By W. J. WiUy, MSc. 


Summa/ry, 

Experiments with various wrapping materials and ooatings for the timber of the box 
with the object of preventing wood taint were made. These indicated that a casein- 
formalin coating sprayed on the box was at least as efficient as any and considerably 
cheaper. Experiments were then made with this treatment, using 45 boxes for each 
series in Adelaide, Sydney, and Brisbane. In Adelaide the treatment completely 
prevented the de-grading by wood taint of butter by P. radiata. The Sydney and 
Brisbane experiments were with “ stinker ** hoop pine of different qualities. With 
these, the treatment caused an improvement, but the Brisbane test showed the improve¬ 
ment was not sufficient to allow of the use of the worst grade of this timber. The 
Sydney experiment, which used a less severe grade of stinker ** pine, showed that this 
quality could be satisfactorily used after treatment. Ordinary good quality hoop pine 
if sprayed, would therefore no doubt be completely free from taint. The experiments 
are being continued to determine the efficiency of the treatment under actual export 
conditions. 


I* Introduction. 

A paper publishel elsewhere in this Journal shows that the tainting of 
butter sometimes experienced when hoop pine and P. radiata boxes are used 
is due to the presence, in the wood, of volatile, fat-soluble substances. No 
practical means of removing these from the wood appears to be satisfactory, 
and experiments were therefore directed to preventing their access to the 
butter. This can be accomplished either by wrapping the butter in an 
impermeable paper or by coating the box with an impermeable varnish or 
similar type of material. Obviously any practical method must be cheap 
and free from the danger of imparting a new taint to the butter. Expeii- 
ments with various grades of parchment, with glassene, cellophane (grade 
not specified), and tinfoil as wrapping materials were mentioned in the 
previous article. For the first series of experiments aimed at prevention, it 
was considered advisable to repeat some of this work, and to test several 
other possible methods of preventing the taint. 


2. First Series of Experiments. 

P. radiata was selected as the timber for this test, as it appears inevitably 
to taint butter if used in the usual way. Although hoop pine has at times 
caused wood taint, many samples of it do not adversely affect butter. 
Accordingly, if this timber had been used, there would have been some 
uncertainty as to the significance of the results. The number of boxes and 
treatment were as indicated on the next page. 

It will be noted that no tests of paraffined boxes were made. The 
experience of many Australian factories has shown this treatment to be 
quite ineffective in preventing taint. From the nature of the materials 
causing taint, this is what might be anticipated. 

The boxes were all of the Saranac wire-bound type, and when sprayed, 
were treated on the inside only in the shook form before being made up into 
the finished box. 
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Boxes Tredted. 


Mark. 

Treatment. 

No. of 
Boxes. 

A 

Sprayed internally with shellac dissolved in borax solution 

2 

B 

Sprayed internally with shellac dissolved in alcohol 

2 

C 

Sprayed internally with casein dissolved in borax solution and 



formalin .. 

3 

D 

Sprayed internally with casein dissolved in caustic soda solution 



and formalin 

3 

F 

Sprayed internally with aluminium paint, using casein solution as 



vehicle .. .. .. .. .. •. • • 

2 

H 

Sprayed internally with metal (tin and aluminium) 

3 

0 

Lined with patent cardboard liners 

4 

J 

Lined with cellophane grade 300 

3 

K 

Lined with cellophane grade 400 

3 

L 

Lined with cellophane grade 1200 waterproof 

3 

M 

Lined with glassene .. 

3 

N 

Lined with diallux .. 

2 

0 

Lined with waxed paper 

3 

P 

Lined with 3 sheets usual parchment .. 

2 

R 

Lined with 5 sheets usual parchment .. 

1 

Q 

New Zealand white pine^'box with 3 sheets parchment 

2 

S 

North Queensland kaurCpine box with 3 sheets parchment 

1 


Notes on the treatments :— 

A. Shellac .. .. .. .. 168 grams. 

Borax .. .. .. .. 42 grams. 

Water .. .. .. .. 660 c.c. 

About 260 grams per box of this strength solution were used. It dried with a flat 
surface. The odour of the wood could be detected after treatment. 


B. Shellac .. .. .. .. 168 grams. 

Alcohol .. .. .. .. 660 c.c. 

About 260 grams per box were used. It dried with a glossy surface. The shellacing 
of butter boxes was practised in the early days of the industry in Australia, when they 
were much more valuable than now, costing about 48. 6d. each. 


C. Two solutions were used, the casein mixture and a dilute formaldehyde solution 


1. Casein 

Borax 

Water 


.. 60 grams 

.. 7*6 grams 

.. 300 e.c. 

2. Formaldehyde 40 per cent. 
Water 


100 c.c. 

.. 1,000 c.c. 


After spraying the box with solution 1, it was immediately sprayed with solution 2. 
Solution 1 is viscous and sinks into the wood very slowly. Immediately solution 2 is 
applied, the mixture sets to a jelly which dries leaving a hard surface coat on the wood, 
which has a pleasing varnished appearance. The treatment with formaldehyde is 
necessary in order to render the coating non-adhesive to wet paper and to prevent the 
possible growth of moulds on the treated surface. Solution 1 can be used for spraying 
any time up to about 6 days after preparation. 


D, This was used in exactly the same way as C, the box being first sprayed with 
the casein solution and then with formaldehyde. 

Casein .. .. .. .. 60 grams. 

Caustic soda .. .. .. .. 4 grams. 

Water .. .. .. .. 170 c.c. 

This was tested because it is possible by using caustic soda in place of borax to 
obtain a more concentrated solution of casein and still have a reasonable viscosity. 
The viscosity of the above solution, soon after preparing, was about equal to that of 
the casein in borax solution, although a much greater proportion of casein is present 
(22 per cent, as against 14 per cent, in the borax solution). The viscosity, however. 
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increases on keeping, and after 12 hours the solution would be too thick to spray. It 
sets to a jellv within 36 hours. Owing to the strong alkalinity, this treatment deepened 
the colour of the wood. 

The casein used in all experiments was prime lactic, i.e., self-sour *' casein. 


F. 


Casein 

Borax 

Water 

Aluminium powder 


150 grams. 
22 * 5 grams, 
1,100 c.c. 
320 grams. 


After spraying, this was treated with dilute folmaldehyde solution in the same way 
as G and Z>. 


H, These metal-sprayed boxes were disappointing in appearance. The metal adhered 
very irregularly to the wood and showed a strong tendency to fall away as powder. The 
timber smell could be detected as readily on the treated side of the wood as on the 
untreated side. 


O, These boxes were prepared in accordance with a patent of Mr. Abbey’s, Manager 
of the Co-operative Box Co., Yarraville, Victoria. A sheet of cardboard, lightly waxed, 
is bound to the inside of the sides, top, and bottom of the box, as it passes through the 
box-making machine. Separate sheets are used for covering the ends. These boxes 
were papered with three sheets of parchment before packing. 

O, Waxed Parchment.—This was a good quality waxed paper. Three sheets were 
used, and then two additional sheets of parchment, to prevent the butter coming in 
contact with the waxed paper. 

J, K, Lt M, N, These papers were used in place of, and in the same way as, parch¬ 
ment, three sheets being used. 

All the sprayed boxes were papered with three sheets of dry parchment*. 

The P. radiata was kiln dried. It was of good quality, containing no 
loose knots and averaged about three firm knots to the box. There were no 
resin pockets in any of the boards. 

The boxes were packed with butter on the 22nd April, 1931, kept at 
50-60° F. until the 27th, when the butter was graded. They were then 
j)laced in cold storage at 10° F. and kept till the 18th June, when they were 
given their final grading and examination for wood taint. The butter was 
thus in the boxes 9 weeks. 

The results of the final grading may be summarized as follows :— 

The New Zealand white pine boxes and kauri pine box had no wood 
taint. One box of the three P. radiata boxes papered with only parchment 
was wood tainted. The timber must therefore have been particularly good, 
and definite conclusions cannot be drawn as to the efficiency of any treatment 
with which no taint w^as found. Any treatment which allowed wood 
tainting, however, is obviously to be rejected. 

The following boxes showed definite wood taint :— 

H, metal sprayed ; J, cellophane grade 300; A", cellophane grade 

400 ; M, glassene ; N, diallux ; and 0, waxed paper. 

The following boxes were not wood tainted :— 

A. Sprayed with shellac in borax. This, however, is unsuitable, as 
the preparation adhered to the parchment where this was wet. 


• The parchment used lu papering butter boxes is cut In sheets 48 x 12 indies. The 
usual method of papering is to use two sheet-s, each of which is folded down one side (or end) of the 
box across the bottom and up the other side (or end), tlie Inno sheets crossing each other at the 
bottom of the box. When tlio box is filled, the overlap is folded over the top of the butter, the 
opposite ends of the sheet meeting in the middle. (The internal measurements of a butter box are 
approximately 1 foot x 1 foot x 1 foot.) Thus the bottom and top of the box are covered with 
two thicknesses of paper, and each side and end with one thickness. The edges where the sides and 
ends of the box meet are exposed. Another method which is coming into favour and is much 
superior, is to use three sheets of paper. The first sheet is wrapped vertic^ally round the inside of 
the box covering the sides and ends. The two other sheets are then applied as in the previously 
described method. Thus sides, ends, top, and bottom of the box all have two thicknesses of parch¬ 
ment and the edges are protected by one thickness. This was the method adopted in all the boxea 
In this series of experiments. The paper was used dry. 
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B. Shellac in alcohol. Although not wood tainted, the butter had a 

foreign taint due to some impurity in the alcohol. 

C. Casein in borax. 

Z). Casein in caustic soda. 

F. Aluminium paint using casein vehicle. 

G, Patent cardboard lining. 

L, Cellophane grade 1200 waterproof. 

A and B are unsitable and comparatively expensive. F and L are also 
expensive and would cost approximately 6d. per box. In G and D the 
materials used are cheap. At current prices they would cost less than 
|d. per box. With mechanical appliances for spraying, the cost of this 
operation per box should be very small. In a trial on 100 boxes, spraying 
by hand and with no mechanical appliances for handling, it was found that 
the cost per box was about Jd. The total cost of spraying should therefore 
be in the neighbourhood of 1 jd. per box. 

These experiments then indicated that the most promising treatment 
was with a casein solution. This would be very acceptable to the dairy 
industry, which could largely increase its output of casein if a ready ^larket 
were available. It was accordingly decided to give this treatment a more 
thorough test. The casein in borax rather than in caustic soda solution was 
chosen, because of its better keeping qualities and absence of discolouration 
of the wood. 


3. Tests in Casein-sprayed Boxes. 


A thorough series of tests was arranged in Adelaide, Sydney, and Brisbane, 
with timbers selected by laboratory tests to give varying degrees of taint if 
used for butter boxes in the usual way. In all places, the tests were run on 
similar lines ; 47 experimental boxes were used, and arranged thus— 


20 boxes marked A 

10 boxes marked B 

10 boxes marked C 
5 boxes marked D 
2 boxes marked E 


Experimental timber sprayed with casein- 
formalin solution and dry papered with 
3 sheets parchment. - 

Experimental timber sprayed with casein- 
formalin solution and dry papered with 
2 sheets parchment. 

Experimental timber, untreated and 

papered with 3 sheets of parchment. 

Experimental timber, imtreated and 

papered with 2 sheets of parchment. 

New Zealand white pine papered with 3 
sheets of parchment. These were used 
as controls on the keeping quality of the 
butter. 


(i) Adelaide Experiments. —Kiln-dried P. radiata was used for these tests. 
The boxes were of the solid type using \ inch thick top, sides, and bottom, 
and f inch thick ends. Unfortunately, the boxes after being made up had 
to be knocked to pieces for transport. When again made up, the nails did 
not hold well, and when packed with butter the sides sprang out from the 
ends somewhat, exposing the butter there to vapour from the outside of the 
box. Any wood taint found was therefore probably stronger on the edges 
than would normally have been the case. 

The casein in borax and formaldehyde solutions were of the strength 
abeady described. The interior of the box only was sprayed. Approx¬ 
imately 1 lb. of casein solution or 2 oz. of casein and J pint of formalin 
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solution was used per box. If the cost of casein is taken at £25 per ton, 
borax £22 10s. per ton, and formalin Is. 6d. per pound, the cost of material 
in the treatment is approximately 0*68d. per box. 

The boxes were marked and papered as already described. They were 
filled on the 21st August, and kept at about 60° F. until the 25th August, 
when a few were first graded. They were then stored at about 10° F. until 
the 28th November, when they were moved ready for grading on the 
2nd December. A few boxes were taken out half way through the storage 
period, but after grading, were returned to cold storage. The butter was 
thus in the boxes 14 weeks and 5 days. 

The final grading was performed independently by three graders who did 
not know the identity of the boxes graded. The graders were asked to 
define any wood taint found, as—“ faint,” “ definite,” “ strong,” or “ very 
strong,” and to record observations for the top, bottom, sides and ends, and 
edges of the boxes separately. They also recorded if the taint found was 
sufficient to de-grade. 

The best method of averaging the results appears to be to regard each 
grader’s remarks on each portion of a box as a separate observation, and to 
record the percentage of the total observations falling in each group (Table 1). 


Table 1. 


— 

Top. 

Bottom. 

Shlos 

and 

Ends. 

EdRO'*. 

PerrentjiRe 
of boxoH 
de-Krndo«l. 

A . Treated boxes with three 
sheets of parchment— 






No taint 

81 

98 

93 

36 


Faint 

17 

2 

7 

34 


Definite 

2 

0 

0 

30 

0 

Strong .. 

0 

0 

0 

0 


Very strong 

0 

0 

0 

0 


B. Treated boxes with two- 
sheets of parchment— 






No taint 

60 

97 

80 

0 


Faint 

37 

3 

20 

24 


Definite.. 

3 

0 

0 

40 

0 

Strong .. 

0 

0 

0 

33 


Very strong 

0 

0 

0 

3 


C. Untreated boxes with 
three sheets of parch¬ 
ment — 






No taint 

60 

90 

90 

17 


Faint .. 

20 

10 

10 

40 


Definite 

13 

0 

0 

20 

20 

Strong .. 

7 

0 

0 

23 


Very strong 

0 

0 

0 

0 


D. Untreated boxes with two 
sheets of parchment— 






No taint 

0 

53 

40 

0 


Faint 

20 

13 

27 

0 


Definite.. 

33 

34 

33 

33 

100 

Strong .. 

47 

0 

0 

33 


Very strong 

0 

0 

0 

33 



The top surface of one of the control boxes made of New Zealand white 
pine was definitely wood tainted. The results can be summarized by grouping' 
the observations on top, bottom, sides, ends, and edges, and this has been 
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done in Table 2. It should be noted, however, that in practice equal weight 
is not given to taint on these different portions of the box. The edges, which 
are generally most severely tainted, are of least importance, as they represent 
such a small proportion of the total contents of the box. 

This explains why, although the taint in group (7 appears less than in 
group B, there are more boxes de-graded in group C, The taints recorded 
in group B occur largely on the edges. 


Table 2. 


Taint 

'I’reated 

papf‘rs 

B. 

Treated 

2 papers. 

c. 

Untreated 

3 papers. 

D. 

Untreated 

2 papers. 

Free 

77 

59 

64 

23 

Taint 

15 

21 

20 

15 

Definite ,. 

8 

11 

8 

33 

Strong 

0 

8 

8 

20 

Very Btrong 

0 

1 

0 

9 

Percentage of boxes degraded 

0 

0 

1 

20 

100 

t _ - 


The results show that butter can be stored three months in boxes made 
of treated P. radiata without any de-grade due to wood taint. They also 
confirm the value of the third sheet of parchment in protecting against taint. 
A more thorough trial is being made by the shipment to London of 100 cases 
of butter in treated P. radiata boxes. This shipment is being made by the 
South Australian Farmers’ Union in boxes sprayed by the Division of Forest 
Products. 

These results are highly satisfactory, especially in view of the fact that 
any taint on the edges was increased owing to the boxes having to be pulled 
apart and re-nailed. The fact that not a single treated box was de-graded 
after three months’ storage is evidence of the practical efficiency of the 
process. 

(ii) Brisbane Experim&nts .'—These were arranged in exactly the same 
manner as the Adelaide tests, but with the object of testing the efficacy of 
the casein treatment in preventing taint from “stinker” hoop pine. All 
the boxes were made from one log which was an extremely bad example of 
“ stinker ” pine. Laboratory tests showed that it would taint very strongly, 
and it was so bad that it would obviously be rejected by any miller for the 
manufacture of butter boxes. The log was cut into 1-in. boards and seasoned 
four weeks. These were then cut to J inch thickness and made into wire- 
bound (Saranac) boxes two weeks before filling with butter. 

The boxes were sprayed on both sides with the casein and formalin 
solutions, the same strengths and quantities as previously described being 
used. The same number of boxes as in the Adelaide experiments were 
used. 

The boxes were packed with butter on the 11th September, and kept 
at 50-60° until the 16th, when one box of each group was graded. They 
were then placed in cold storage at about 12° F. until the 9th December, 
when they were removed and graded on the 11th. A few boxes were removed 
for grading on the 24th October. At the first grading, five days after packing, 
the treated box (A) with 3 papers had no taint, with 2 papers {B) slight taint, 
and the untreated boxes were badly tainted. At the second grading on 
the 24th October, the box in group A was slightly wood tainted, and in 
groups By Cy and Z>, badly tainted. The results of the final grading three 
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months after packing arc given in Table 3. The grading was performed 
exactly as in Adelaide by three independent graders, and results are averaged 
as before. 

Table 3. 


— 

Top 

l3ottom. 

Sides 

and 

Ends. 

Edges. 

Poreentage 
of boxes 
de-graded. 

A . Treated boxes with three 
sheets ofparchment- - 






No taint 

7 

0 

0 

1 


Faint 

38 

22 

35 

44 


Definite 

27 

30 

30 

30 

73 

Strong .. 

22 

32 

25 

13 


Very strong 

6 

10 

4 

0 


B. Treated boxes with two 
sheets of parchment— 






No taint 

0 

0 

2 

0 


Faint 

18 

8 

17 

11 


Definite 

41 

29 

35 

48 

90 

Strong .. 

33 

41 

42 

20 


Very strong 

8 

22 

4 

15 


C. Untreated boxes with 
throe sheets of parch¬ 
ment— 






No taint 

0 

0 

0 

0 


Faint 

3 

3 

0 

3 


Definite 

23 

10 

8 

10 

97 

Strong .. 

27 

37 

34 

37 


Very strong 

47 

50 

52 

50 


D, Untreated boxes with two 
sheets of parchment— 






No taint 

0 

0 

0 

0 


Faint 

13 

7 

8 

0 


Definite 

27 

33 

12 

0 

100 

Strong .. 

47 

33 

48 

40 


Very strong 

13 

27 

32 

00 



One of the two Now Zealand white pine boxes was definitely wood tainted 
and was de-graded by one grader. 

The results are summarized as before in Table 4. 

Table 4. 


Taint 

.1 

'Preated 

3 papers. 

B 

Treated 

2 papers 

c. 

Untreated 

3 papers 

D. 

Untreated 

2 papers. 

Free 

2 

1 

0 

0 

Faint 

36 

14 

4 

7 

Definite .. 

32 

38 

12 

18 

Strong 

23 

36 

34 

42 

Very strong 

7 

12 

60 

33 

Percentage of boxes de-graded 

73 

90 

97 

100 


The difference in taint found between the different groups was greater 
than Tables 3 and 4 indicate. Many of the boxes in group A were graded 
as having “ very faint taint. Those are grouped with “ faint in the 
tables. Again in groups G and D “ very strong ” was not considered emphatic 
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enough by the graders, and many of the results recorded as ** very strong ** 
in these groups are more strongly tainted than the “ very strong ** results 
in groups A and B. 

However, the results definitely show that the treatment was not successful 
in preventing serious de-grading of the butter packed in such timber. It 
caused considerable improvement, but not nearly enough. The results are 
valuable in showing the type of timber it would be futile to attempt to use 
with this treatment. The test was designed to be especially severe, and 
the quality of pine was such that under no circumstances would it ever find 
its way into butter boxes. 

(iii) Sydney Exferiments .—In these tests “ stinker ” hoop pine was 
again used. All the boxes were made from one log. The timber was obviously 
of a quality unsuited for butter boxes, but laboratory tests showed it to be 
unlikely to impart a severe taint such as that used in the Brisbane tests. 
The timber was seasoned five weeks in | inch thickness and then dressed 
to i inch and § inch thickness for making into boxes, and seasoned another 
week before packing. The boxes were of the solid type. 

The boxes were sprayed on both sides as described previously. They 
were filled on the 18th September, and kept cool until the 24th, when one 
box of each group was graded. They were then placed in cold •storage at 
12° F. until the 16th December, when they were removed for grading on the 
18th. A few boxes were graded on the 5th November to make sure of the 
keeping quality of the butter. 

The following results were obtained after the three months’ storage. 
Four graders gave their independent grades and these are averaged as before. 


Table 5. 


— 

Top 

Cottom 

Sides 

and 

Ends. 

Kducs. 

IVrccntaKo 
of boxes 
de-gruded 

A . Treated boxes with three 
sheets of parchment— 






No taint 

oH 

88 

87 

31 


Faint 

40 

10 

13 

49 


Definite 

2 

2 

0 

11 

1 

Strong .. 

0 

0 

0 

9 


Very strong 

0 

0 

0 

0 


B. Treated boxes with two 
sheets of parchment— 






No taint 

53 

88 

78 

16 


Faint 

42 

12 

16 

60 


Definite 

5 

0 

7 

28 

7 

Strong .. 

0 

0 

0 

7 


Very strong 

0 

0 

0 

0 


(7. Untreated boxes with 
three sheets of parch¬ 
ment— 






No taint 

60 

71 

76 

29 


Faint 

40 

29 

32 

39 


Definite 

8 

0 

0 

24 

11 

Strong 

2 

0 

0 

8 


Very strong 

0 

0 

0 

0 


D. Untreated boxes with two 

mmm 





sheets of parchment— 






No taint 


68 

74 

11 


Faint .. 


21 

21 

42 


Definite 


11 

6 

31 

26 

Strong .. 


0 

0 

11 


Very strong 


0 

0 

5 
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Theso results are summarii^ed in Table 6. 

Table 6. 


Taint. 

A. 

Treated 

3 papers. 

B. 

Treated 

2 papers. 

c. 

Untreated 

3 papers. 

D. 

Untreated 

2 papers. 

Free 


66 

58 

54 

48 

Faint 

.. 

28 

30 

35 

34 

Definite 

.. 

4 

10 

8 

12 

Strong 


2 

2 

3 

4 

Very strong 


0 

0 

0 

2 

Percentage of boxes de-gradcd 

1 

7 

11 

26 


Both the control boxes of New Zealand white pine were faintly wood 
tainted, although not sufficiently to de-grade. 

The results show that the boxes in group A were satisfactory. Only one 
grader of the four considered the taint in one of the twenty boxes sufficient 
to de-grade. The graders agreed that the taint was no more than would 
be obtained from any timber after three months’ storage. It will be noted 
that only a portion of the untreated boxes were de-graded, as compared 
with the Adelaide tests whore all the boxes of group D were de-graded. It 
appears that the treatment, although causing a large improvement in hoop 
pine, is not so impermeable to its tainting vapours as it is to those from 
P. radiata. However, as the timber used for these Sydney experiments was 
worse than would be selected from hoop pine for use in butter boxes, and the 
casein treatment prevented serious taint, the treatment could apparently be 
relied on to prevent taint from hoop pine of a reasonable quality. 

4. Economic Aspects. 

The successful development of this process would be of very considerable 
advantage to the dairy and timber industries. It would mean the utilization 
of a large quantity of Australian-grown timber to replace the white pine 
at present imported from New Zealand. This would lead to a considerable 
saving in the cost of the box. Further, it would result in profitable utilization 
of a large quantity of casein which at present is run to waste. Considering 
the export trade alone, it is possible to estimate the value of these savings. 
In 1931 there were exported approximately three million boxes of butter. 
For every penny saved by the use of P. radiatay this would mean a saving of 
£12,500 to the dairy industry. The cost of the P. radiata box is likely to 
be about 6d. less, and this would mean a total saving of £75,000 per annum 
on present export quantities. 

The quantity of casein used would be about 375,000 lb. At a value of 
£25 per ton this would mean the utilization of £4,200 worth of casein. 
Finally there would be the utilization of approximately 10 million super feet 
of Australian timber to replace imported pine valued at £150,000. 
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“ Pulpy Kidney,” or Acute Infectious Entero- 
toxaemia of Lambs due to B. ovitoxicus 
(Bennetts). 

By D. T- Oxer, B.VSc,, Veterinary Pathologist, Department of 
Agriculture, Tasmania. 

'rhe investigations reported in the brief article that follows form part 
of a programme of researches into problems of the pastoral industry being 
carried out under the Australian Pastoral Research Trust—Emipire 
Marketing Board scheme. (See this Journal, Vol, 4, p. 133, August, 
1931.) They arc being undertaken in co-operation with the Tasmanian 
Department of Agriculture, which is providing the part-time services of 
Mr. Oxer in order that he may carry out and make the detailed arrange¬ 
ments for the actual experiments. Pulpy kidney of lambs occurs not 
only in Tasmania, but in many other areas of Australia where the pastures 
are good. 'I'lie existence of a laboratory at Launceston close to areas 
where the condition occurs was one of the considerations influencing the 
decision to carry out the work with Launceston as a base. In most parts 
of the mainland, outbreaks have occurred so distant from laboratory 
facilities that investigators have been hampered in their pathological and 
bacteriological studies. Dr. Bennetts’ recent work on infectious entero- 
toxaemia (braxy-like disease) of sheep in Western Australia, the results 
of uliich will shortly lie [niblishcd as the Council’s Bulletin No. 57, was 
strongly sugge8ti\c that puljiy kidney might prove to bo due to an allied 
if not the same micro-organism {B, ovitoxicus) multiplying within the 
small intestine of lambs. Dr. Bennetts had already suggested this in 
departmental communications though the lamb disease is seldom seen in 
his State. Although the present season has not been favorable in 
Northern Tasmania for the occurrence of conditions predisposing to the 
disease, Mr. Oxer has been able to examine a sufficient number of cases 
for his research studies and has definitely determined the cause to be due 
to the multiplication within the small intestine of B. ovitoxicus 
and the consequent liberation and absorption of the fatal to.xin. In view 
of the fact that veiy shortly the lambing season in the Northern Hemis¬ 
phere will begin, and that there opportunities will occur to follow up the 
work of Mr. Oxer pending the publication of his full rciport, it has been 
deemed advisable to in.sert in this edition of the Journal the resume of 
his work that follows.—En. 


1. Introduction. 

Pulpy kidney is a fatal disease of young lambs which was described 
by Dr. J. A. Gilruth in the annual reports of the Veterinary Division 
of the New Zealand Department of Agriculture over thirty years ago, 
reference to the disease being made by him under the terms pulpy 
kidney,“ plethora disease of lumbs,’^ &c. The disease has since been 
recorded in many other parts of the world, including the mainland 
of Australia and Tasmania. The condition is characterized by the 
fact that lambs arc found dead after a few hours’ sickness. In-co- 
ordination of movement, grinding of the teeth, and convulsions are 
some of the symptoms seen. One of the most marked post mortem 
lesions is the pulpy degeneration of the kidney in animals which have 
been dead for some .time. 

Susceptibility to the Disease .—Young unweaned lambs in forward 
condition, which are on good improved pasture, are susceptible to the 
disease. The majority of lambs examined in Tasmania have been ewe 
lambs. According to Gill (1) both sexes are equally affected before 
marking. After marking, the proportion of ewe lambs is greater than 


(1) Gill, D. A., N.Z, AgHe. Jour, 34 : 217. 1927. 
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wether lambs. It is not clear whether it is on account of the smaller 
numbers or because they are receiving a smaller amount of milk, that 
twin lambs are so seldom affected. 

According to various authors, the age of susceptibility varies from 
2 to 16 weeks. Experience during the Tasmanian investigations is that 
it varies from 3 to 13 weeks of age. Various breeds may be affected, 
but particularly those used for early fattening. 

2. Experimental Observations. 

Emminaiion of naturally occurring cases for the presence of toxin, 
—Various theories have been held as to the cause of the disease. That 
most generally accepted for some years was that an over-rich protein 
diet due to a combined abundant milk supply and good pasture, or pas¬ 
ture and supplementary diet rich in protein was responsible for elabora¬ 
tion of toxins causing a specific action on the kidneys. More recently, 
experimental evidence points to toxins from the small intestine being 
responsible for the disease. Gill (2)^ Bosworth, and Glover (3) have 
demonstrated such toxins, while Bennetts (4) was of the opinion that 
the disease might have a similar etiology to that of entero-toxaemia of 
sheep. 

It was decided to concentrate on the examination of the contents of 
the alimentary tracts for the presence of toxins and, if any were present, 
to study their nature. 

Germ-free Seitz filtrates of the small intestinal contents from five 
known cases of the disease were found to be highly toxic for experi- 
m;ental animals. This toxin was very potent even if the material was 
not collected till 24 hours after the death of the lamb. The toxin is 
not present in the intestine of normal lambs and therefore will not be 
caused by the multiplication of bacteria after death. In the experi¬ 
ments carried out, the lowest lethal dose, in terms of the original in¬ 
testinal contents, was for lambs 2.0 cc. (intravenously), and 1.0 cc. 
(intramuscularly); for guinea pigs 0.05 cc. (intramuscularly); for mice 
0.005 cc. (intramuscularly), and 0.0025 cc. (intravenously). 

It will thus be seen that the toxin content of the small intestine 
material was very high. 

Keeping Qualities of Toxic MateriaL —Mixing 0.5 per cent, chloro¬ 
form to the contents and placing in a small domestic refrigerator made 
it possible to keep the contents toxic for at least two nnonths without 
appreciable loss of toxicity. 

Neutralization of Natural Toxin hy Antiserum ,—Toxic filtrates of 
intestinal contents were neutralized by B, ovitoxicus antiserum but not 
by B, welchii or B, oedematiens antisera. 

. Symptoms in Experimental Animals ,—^Animals receiving lethal doses 
of toxin died in from a few minutes to six hours after injections. 
The time varied according to the route of injections and the size of 
the dose. The symptoms first noticed in lambs were dullness and de¬ 
pression followed by incoordination of movement, indications of pain, 
dyspnoea, violent trembling and convulsions, and finally, death. This 
usually occurred during, or immediately after, a convulsion, 

(2) Gill, D. A.. N.Z. Agric. Jour., 42 : 800. 1981. 

(3) Bosworth, T. J., and Glover, D. Nat. Vet. IdDed. Ass. of G. B. & I. 48ih Ann. Congress 

Kept. 

(4) Bennetts, H. W. In the press. 
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Post-mortem Examhuition ,—The post-mortem findings in the case 
of experimental lambs were similar to those of natural cases. The 
leakage of serous fluids was variable being, in general, much more 
marked in lambs which had been left for some hours before being 
examdned. There was a clear subcutaneous oedema extending down the 
leg from the site of injection. The kidneys of lambs examined im¬ 
mediately after death were quite firm, the cortex was rather pale, but 
the vessels of the medullary rays wore very congested and therefore 
quite obvious microscopically. 1'he vessels of the boundary zone were 
also markedly congested. If the carcass was left for 6 to 14 hours 
unopened, there would be marked pulpy degeneration of the kidney. 
This was not the case if examination were made at once. 

Culiiiral Examination ,—As the natural toxin was neutralized by 
B, ovitoxicais antiserum, cultural work was undertaken to isolate this 
organism if present. Pure toxic cultiires of an organism resembling 
B, ivelrhii were obtained and filtrates of this culture were prepared. 

Injection of Culiure Toxin ,—Intramuscular injections of this fil¬ 
trate into a lamb caused its death in six hours after injection. Post¬ 
mortem examination was made ten hoiirs after death. There was 
marked pulpy degeneration of the kidney while other organs showed 
lesions found in a typical natural case of the disease. This filtrate 
Avas also toxic for mice and guinea-pigs. 

Nexctralizalion of Culture Toxin ,—Culture toxin was neutralized 
by B. o^ntoxicus antiscium but not by B, welchii antiserum. 

Microscopic Examination of Experimental Lambs ,—Although toxic 
changes occur in the liver and to some extent in the myocardium, the 
most important lesions occur in the kidney. The convoluted tubules 
are particularly affected, thei’e being a loss of nuclear staining of 
their epithelium and degenerative changes in the cytoplasm. This 
is well marked at the time of death. There is also a marked congestion 
of the vessels in the boundary zone and medullary rays. Almost com¬ 
plete loss of nuclear staining in the cortex was present in the lamb 
which had received culture toxin. 

These lesions are similar to those found in kidneys from natural 
cases of the disease. 

The Nature of the "Pulpy Kidney'' Degeneration ,—The pulpy 
degeneration of the kidney is a post-mortem change, and is apparently 
<lue to the specific action of the toxin on the epithelium of the tubules, 
rendering them susceptible to this peculiar and distinctive post-mortem 
decomposition. 

Preparation of Vaccine ,—An anaculture vaccine was prepared and 
injected into a series of lambs. After a certain period these were tested 
with the natural toxin from the case from which the strain used in 
preparation of the vaccine was isolated. The experiment was not 
very conclusive, but gave some indication that the vaccine protected 
ilio lambs against the natural toxin. 

Nomenclature .—Ajs a toxin elaborated in the bowel by B. ovitoxicus 
is the cause of the condition, the alternative title name is suggested 
as one which suitably describes the disease. 

3. Conclusion. 

Pulpy kidney of lambs is shown to be due to a toxin elaborated 
in the small intestine by B, ovitoxicus (Bennetts). (A more detailed 
description of the above statements will be made at an early date.) 
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Sheep Blowfly Investigations. 

Experiments on Artificial Baits: Preliminary Note on the 
Products of Decomposition of Wool Fibre (Keratin). 

By Marlin R. Freney, B.Sc„ Biochemist, Division of Economic Entomology. 


For some time past, various authorities in Australia, and notably 
the State Departments of Agriculture and the Council, have been investi¬ 
gating diverse aspects of the sheep blowfly problem. A recent develop¬ 
ment in the organization of this work is the establishment, by the two 
bodies conccrjied, of a special Blowfly Committee to co-ordinate the activi¬ 
ties of the New South Wales Department of Agriculture and of the 
Council. I’hia Committee consists of Dr. J. A. Gilruth (Chairman) and 
Dr. R. J. Tillyard, representing the Council; and Dr. II. R. Seddon and 
Mr. W. B. Gurney, representing the Department. Dr. J. M. Mackerras 
acts as Secretary. The Committee has already held several meetings and 
has decided to prepare a comprehensive report dealing with the existing 
state of knowledge of the blowfly problem and the scope of present and 
future investigations. It is proposed to publish this report at a com¬ 
paratively early date. The results of the work dealt with ih the note 
that follows have been considered by the Committee, which has also 
recommended their publication.—Kn. 


Foreword. 

By Dr. B. J. Tillyard, D.Sc., F.R.S., &c., Chief, Division of 
Economic Entomology. 

The experiment by Mr. M. R. Freney recorded in the accompanying 
note is of interest from two points of view, one being the question of 
sheep susceptibility and the other the influence of trapping in reducing 
the pest. As regards susceptibility, Mr. Freney^s results indicate one 
method whereby a decomposition product of wool becomes attractive 
to blowflies and so bears closely on the general problem of suscepti- 
bility. As regards the question of trapping, which is at present being 
extensively studied by the Division of Economic Entomology, it is 
important to bear in mind that, under normal conditions, the hairy 
iriaggot flies or secondary flies are not capable of initiating strike in 
sheep and that their larvae are enemies of the smooth maggots which 
do initiate strike. All baits tested so far are found to attract more 
female flies than males. But the ordinary baits in use, such as liver, 
offal, or blowfly soup,” tend rather to attract secondary flies in pre¬ 
ference to primary ones. A trap and bait which reduces the comparative 
number of secondary flies and so favour.s the primary species cannot be 
scientifically regarded as of any value at all, but rather as a danger. 
The new bait discovered by Mr. Freney, viz., a solution of keratin in 
sodium sulphide, approaches ,ne*irer than anything yet discovered to 
ihe desired end. It must be emphasized that the experiment was 
designed purely as a qualitative one, not a quantitative one, and there¬ 
fore the actual numbers caught are of minor signiflcance compared 
wth the proportions of primary and secondary flies in the total catch. 
Much more work has to be done before it can be asserted definitely that 
this new bait is sunerior to those in general use; but, in the meantime, 
the publication of tiie note will serve to bring to the notice of pastoralists 
and others interested the fact that progress is being made in the 
attempt to evolve an ideal bait in an ideal type of trap. 
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i. Introduction. 

During investigations on the responses of blowflies to chemical sub¬ 
stances, it wa« found that an attractive medium resulted when wool 
fibre was decomposed by a solution of sodium sulphide. The fibre was 
obtained by extraction of raw wool with ether and alcohol, and then 
washing the extracted material wdth warm water. The wool fat, suint, 
dirt, and other extraneous material were removed in this way, and the 
wool fibre obtained as a final product may be considered as consisting 
largely of the protein keratin. This was hydrolysed with sodium 
sulphide. 

In the preliminary experiments, the provision of an attractive 
medium was the sole object, and the period and conditions of hydrolysis 
were not determined. 

A small quantity of decomposed keratin (less than 5 grams) kept 
moist on cotton wool was used as a bait in experimental traps. For 
comparison, traps baited with 50 grams of fresh sheep’s brain, which 
has been proved in this laboratory to be a much more attractive bait 
than liver, were exposed simultaneously. On the first day’s exposure 
of the keratin mixture, large catches were recorded, and oviposition 
occurred on and around the bait. ^Tumbers of small maggots were then 
present on the bait in most experiments. After the first day, smaller 
catches were successively recorded. 


2. Results. 


In the catches recorded, the species of flies caught were determined, 
and also the sex of the Calliphora and Chrysomyia trapped. These 
differences are set out in the following table:— 




Primary Blowflien 

Secondary Blowflies 


Xo 

Uait 

Calh- 

phora 

(Uilli- 

phora 

amjiir 

5 

u 

9 

C 

« 

I 

% 

c 

S 

^Imary 
flies in 
le Catch 

s 

c c 

o c 

5 

. A. 

P 

% Secondary 
Blowflies in 

Whole Catch 

Total Blowfli's 
caught. 



F 

M 

K 

M 

C 

c 

(b 

o 

O ' 

OA 

F 

M 

II 









o 

o 




% 


A. 

Brain 

7 

7 

302 

52 

12 

3 

84 

45 

190 

158 

191 

55 

082 

B. 

Keratin Mixture 

H 

0 

227 

1 

I 

3 

00*5 

81 

41 

5 

8 

19 

289 

G. 

Total catches of 
seven traps baited 
with Keratin Mix¬ 
ture 

21 

5 

825 

13 

13 

It 

98 

80 

118 

7 

21 

14 

1,037 


Note. —F. denotes female. M. denotes male. 


A and B were catches made by traps placed a few feet apart and 
exposed for 48 hours. After this period, the brain had been com¬ 
pletely devoured by maggots, and the trap so baited caught no more 
flies. In some experiments included in the seven recorded under C, it 
was found that the keratin mixture could retain some degree of 
attractiveness for six or seven days. 
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It should be made clear that no useful quantitative comparison can 
be made between the catches of brain and keratin mixture recorded in 
the table. However, w^hen the flies in the respective catches were identi¬ 
fied, it was found from the proportions of each species and of females 
present, that significant differences in the attractiveness of the baits 
existed. 

The species most largely represented in the catches is the brown 
blowfly, Calliphora augur, but the brain attracts a larger number of the 
green, hairy maggot blowfly, Chrysomyia rufifacies, than does the keratin 
mixture. 

From the table, it is seen tliat whereas when brain is used about 
12% of the C. augur caught are males, the figure for the keratin mix¬ 
ture is less than 2%. Over 30% of the Clu rufifacies caught by brain 
are males, whilst the keratin mixture catches only 6% males of this 
genus. In view of the damage done to sheep by primary blowflies, it 
is of interest to note that the keratin mixture is more attractive to these 
than to secondary blowflies. Besides the flies mentioned above, those 
trapped included Peronia rostrala, Sarcophaga spp. and various 
Muscids. ’ 

Kecont experiments suggest that hydrolysis of keratin by substances 
other than sulphides may provide attractive media for flie^. A chemical 
investigation of decomposed keratin, with a view to the isolation and 
identification of the substances attractive to blowflies, is in progress. 

The traps used in this work were recently designed by Dr. A. J. 
Nicholson. 


3. Conclusions. 

1. Keratin from wool fibre when decomposed by sodium sulphide 
solution is attractive to flics. 

2. A higher proportion of females (about 98%) is caught by this 
bait than by a carrion bait. 

3. The solution containing decomposed keratin is more attractive to 
primary than to secondary blowflies. 
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Parasitological Field Trials with Sheep. 

Results at “ Gundowringa,” New South Wales, and 
“ Fro4sley,” Tasmania. 

By /. Clunies Ross, D.V.Sc., and N. P. Graham, B.V.Sc, 


During 1931, field trials were initiated by the Division of Animal 
Health to investigate different aspects of the problems involved in con¬ 
trolling losses from internal parasites of sheep. This work forms part 
of the programme that is being undertaken by the Division under the 
Australian Pastoral Research I'rust—Empire Marketing Board scheme 
(see this Journal August, 1931, p. 134). The trials themselves were 
carried out with the kind co-operation of Mr. D. E. Donkin, of “ Meteor 
Downs,” Springsure, Queensland; Mr. C. E. Prell, of Gundowringa,” 
New South Wales; and Mr. K. Brodribb, of “ Frodsley,” Tasmania, all 
of whom very greatly facilitated the experiments by supplying the use 
of the necessary land and experimental sheep. In addition, the Council 
desires to record its gratitude for the provision of wire, wire-netting 
droppers, &c., by the following firms:—The Broken Hill Pty. Co. Ltd., 
Lysaght Bros. & Co. Ltd., and Corkscrew fch:eel Fences Ltd. A report 
on the work at “ Meteor Downs ” was published in the previous issue 
(November, 1931). Reports on the work at “Gundowringa” and 
“ Frodsley ” are given below.—En. 


I. Experiments at Gundowringa,” New South Wales. 

1. Introduction. 

This property is situated on the Southern Tablelands, between Goul* 
burn and Crookwell, at an altitude of about 3,000 feet, the rainfall being 
approximately 28 inches. The property, which comprises 7,000 acres, is 
very highly improved, the pastures consisting largely of subterranean 
clover with an admixture of introduced grasses (Italian rye, cocksfoot, 
&c.), and being regularly top-dressed with superphosphate eacli alternate 
year. 

The object of this trial was to investigate the effect, from the point 
of vierw of internal parasite infestation, of heavy stocking on improved 
pastures, i.e., whether (a) the danger of infestation is increased by the 
greater number of animals grazed, or (b) the danger is actually 
decreased owing to the improved nutrition of the animals resulting in 
an increased resistance. At the present time, there is considerable 
difference of opinion as to which of these effects (a) or (b) is more 
likely to occur. Further, it was hoped to demonstrate whether any 
adverse effects could he diminished by heavily stocking paddocks with 
sheep for a short time and then leaving such areas uiistockod foi* a 
period of three inonlhs to allow infestation of the pastures to diminish, 
and, in addition, whether in such cases the sheep made better growth 
owing to the improved conditions of the pastures. 

On Gundowringa,” heavy mixed infestations may be met with in 
lambs at weaning time, the more important parasites being the large 
stomach worm {Haemonchus contorhis), the medium stomach worm 
{Ostertagia circumcincta), the small stomach and intestinal worm* 
(Trichostrongylus spp.), and the thin-necked intestinal worm 
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(Nematodinis spp.), as \vell as the large bowel parasites (Oesophag- 
osiomum venulosum and Chahertia ovina). In addition, the large lung 
worm, Dictyocaulus filaiia, is not uncommon. The liver fluke {Fasciola 
hepatica), which formerly was common, has now been largely eradicated 
by repeated drenching with carbon tetrachloride. Such drenching has 
been adopted as a control measure against stomach worms as well as the 
fluke. 

Five groups of 50 lambs each were employed in the test. They were 
ajl of the same breed, Corriedale-Merino cross, and as near as possible, 
of the same condition and age, namely, six to seven months. They had* 
been twice drenched with carbon tetrachloride some time previously. 

Lot 1. On improved natural pasture in one paddock at the rate 
of 1 sheep per acre. 

Lot 2. On improved pasture in one paddock at sheep per acre, 
without medicinal treatment. 

Lot 3. On improved pasture in one paddock at 2^ sheep per acre, 
the sheep treated each month with carbon tetra¬ 
chloride. 

Lot 4, On improved pasture, subdivided into four paddocks, on 
each of Avliich sliecp were run for one month at the 
rate of ten sheep per acre, each paddock then being 
left unstocked for three months. The average stock¬ 
ing was therefore sheep per acre. 

Lot 5. Same as lot 4, but the sheep treated each month with 
carbon tetrachloride. 

All sheep were weighed at monthly intervals throughout the trial, 
while faeces from five sheep in each group W'ere cultured each month to 
determine the degree and type of parasitism. 

At the beginning of the trial, a number of lambs, of the same age 
and lot as those from among which the experimental sheep were taken, 
were examined post-mortem. It was found that these showed the follow¬ 
ing infestations:— 

Ilaemonchus coniorfAis —light to moderate; 

Osteriagia spp.—moderate; 

Trichosirongylus spp.—moderate; 

Nematodirus spp.—moderate; 

Oesophagostomnm venulosum —light to moderate; 

Chahertia ovina —light; and 

Dictyocaulus filaria —a few of the large lung worms were present 
in all sheep examined, but in no case were they in sufficient 
numbers to cause ill effects. 

2. Course of Trial, 

The trial was begun on 26th March, 1931, at which time the average 
weights were as follows:— 

Lot 1.—58 lb. 8 oz. 

Lot 2.—57 lb. 8 oz. 

Lot 3,—57 lb. 7 oz. 

Lot 4.—55 lb. 4 oz. 

Lot 5.—55 lb. 8 oz. 
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The experiments were disconlimied oii 26th October, i.e., after a 
period of seven months. All sheep continued in good condition through¬ 
out the trial, the four lots on improved pasture making much more 
rapid gains each month than those on natural pasture, witli the excep¬ 
tion of September, when, apparently taking advantage of the spring 
shoot and their greater range of pasture. Lot 1 made a greater gain 
than any other. In October, the last montli, however, this lot actually 
lost an average of 1 lb. per head, while Lots 2 and 3 gained respectively 
4 lb. 8 oz. and 2 lb. 13 oz. per head, and Lots 4 and 5 11 lb. 12 oz. and 
9 lb. 9 oz. respectively. 

Worm infestations throughout the trial were relatively light in all 
Ig^fe, and did not appear to interfere appreciably with the progress of 
any lot, unless the loss of weight in Lot I in October was due in some 
measure to this cause. 


All sheep were weighed and then shorn on 23rd and 24th October, 
when the folloAving weights were obtained (average) :— 


Lot 

Wool (‘ut JVr Hoad 

Li\c W«‘iKht IVr \\t ,u\ 

(Jaltj lu Li\o WolKht 
Throughout Trial 




Ih. oz. 

lb. OZ. 

lb. 

oz. 

1 



a 8 

85 11 

27 

3 

2 



11 2 

101 10 

44 

2 

3 



11 0 

KM) 2 

42 

11 

4 



II 2 

109 10 

54 

6 

5 



11 4 

111 1 

55 

9 


3. lJf\scu.ssion of liesuUs, 

ft is evident that, under the conditions obtaining throughoiu this 
trial, so far from any harmful effects accruing from running 2| sheep 
per acre on improved pastures compared with one sheep per acre on 
unimproved natural pasture, all shee^p on improved pasture cut more 
wool per head and showed better gains in weight than those on natural 
pasture. However, it should be mentioned here that the latter pasture 
was considerably better in quality than the surrounding natural pasture, 
owing to the fact that a large part had been used as a sheep camp for 
very many years, and during that period had, of course, undergone 
considerable improvement thereby. 

So little effect had worm infestation on the sheep on impr wed 
pasture that medicinal treatment appeared to have little imporlauce, 
there being nothing to choose beUveen treated and untreated groups. 
(It must be rememhered that all, however, had been treated twice before 
the beginning of the trial with carbon tetrachloride for internal parasites, 
and were seven mouths old at this time. Moreover, at the end of March, 
when the trial was begun, low temperatures (down to 0°C) may be 
encountered at night, so that little further infestations would be expected 
until the following spring.) As evidence of the relatively low degree 
of parasitism, no mortality occurred in any group. 

C.346.—2 





34 


Apart from the extraordinary general progress of all lots on 
improved pasture, that of Lots 4 and 6, which were grazed in rotation 
on each of four small paddocks for one month, which were then left 
vacant for three months, is noteworthy, these lots showing slight, but 
appreciably, greater increases in weight after the first month than 
Lots 2 and 3, not so rotated. In addition, it w^as found that, at the end 
of the trial, those units of pasture in Lots 4 and 5 not having been 
stocked during the last month showed a very much better growth of 
clover and grasses than that in Lots 2 and 3, which were rather closely 
grazed. It was also possible to cut two paddocks of Lots 4 and 5 for 
silage, these yielding up to S tons per acre of green feed. 


4. Summary of Resultff. 

1. Under conditions obtaining throughout this trial, it appeared 
that increased risk of parasitism, owing to heavy stocking on improved 
pasture, was more than offset by the improved condition of sheep run on 
such pastures. 

2. Sheep run on un-top-dressed natural pasture produced 9 lb. 8 oz. 
of wool and gained 27 lb. 3 oz. in live-weight per acre, whereas— 

(a) sheep run on improved pasture without rotation, at 2^ sheep 
per acre produced up to 27 lb. 13 oz. of wool per acre and 
made gains of up to 110 lb. 10 oz. in live-weight per acre; 
and 

(h) sheep run on improved pasture subdivided for monthly 
rotation through eacli of four units produced 28 lb. 2 oz. 
of wool per acre, and made gains of 138 lb. 14 oz. in live- 
weight per acre. 

3. In addition to greater gain in body-weight of sheep rotated on 
improved paddocks, some of these pastures were cut for silage at the 
end of the trial, whereas those grazed continuously were eaten well 
down. 

4. Medicinal treatment against internal parasites produced no 
demonstrable effects in treated sheep in comparison with untreated 
sheep under the same conditions on improved pasture. 

5. At the end of the trial, practically all w^orm infestation appeared 
to have been thrown off by sheep on improved pastures, whether the 
animals had been treated or untreated. 


II. Experiments at ^^Prodsley/’ Tasmania. 

1. Introduction. 

This property, situated in the East Coast District of Tasmania, is 
5,000 acres in extent, and carries up to 6,000 crossbred sheep. The 
average rainfall is about 27 inches, of which the greater part falls in 
the winter, which is severe. The most serious worm infestations at the 
present time are with small Trichostrongyles, (Osiertagia spp., 
Trichostrongylus spp, and Nemaiodirus spp.), while heavy infestations 
with Oesophagostomum venulosum and Chahertia ovina are not un¬ 
common. According to the Chief Veterinary Officer of Tasmania, Mr. 
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T. Philp, Haemonchus contortus was formerly of major importance, 
but it appears to have been controlled, but not eradicated, by drenching 
first with sodium arsenite and copper sulphate, and for the last three 
years with carbon tetrachloride. As the result of the latter treatment, 
fluke infestation, which was previously common, has practically 
disappeared. 

The average wool production on this property is very low, for the 
last year being under 6 lb. per head. 

The object of the trial was to determine:— 

(a) Whether standard methods of anthelmintic treatment will 
diminish losses from small Trichostrongyles, this at pre¬ 
sent being open to doubt. 

{h) Whether the measure of control effected will lower mortality 
and lead to any increase in wool production. 

(c) Whether the administration of drugs in a lick will have any 

effect on controlling infestation with large bowel para¬ 
sites; and 

(d) Whether the use of nutritional supplements in the form of 

crushed oats without medicinal treatment will produce 
results comparable or even better than those obtained by 
drenching. 

Six groups of sheep were included in the trial, three of these con¬ 
sisting of 40 lambs each, two of 50, and one of 97. All lambs were 

to months old crossbreds, and a basal pliosphatic lick consisting 
of salt 50 parts, and diealcic phosphate 50 parts, was available to all 
lots. 

Lot 1. Drenelied monthly with 50 ccs. 1% copper sulphate solu¬ 
tion (0.5 gm. of sulphate). 

Lot 2. Dosed monthly with sodium arsenite, 0.075 gm., and copper 
sulphate, 0.3 gm., for the first four months, and 
then with 0.1 gm. and 0.4 gm. respectively. These 
drugs were administered in poAvder form in a spoon 
specially prepaied by the Department of Veterinary 
Education and liesearch, South Africa. 

Lot 3. Drenched monthly with carbon tetrachloride, 2 cc., in 
3 cc. liquid paraffin, and to the lick of this lot was 
added also sodium arsenite, 1 part, and copper sul¬ 
phate, 4 parts, per thousand. 

Lot 4. Drenched monthly in the same manner as Lot 3, but 
received no medicinal supplements in the lick. 

Lot 5. Received no treatment. 

Lot 6. Received no treatment, but, from the beginning of the 
trial was hand-fed with 4 lb. crushed oats, the average 
consumption being ^ lb. per head per day. 

Each group was retained in a single paddock throughout the trial, 
the size of the various groups being determined so as to secure as nearly 
as possible identical grazing conditions. 

Lots 1 to 5 were of very similar weight and condition at the begin¬ 
ning of the trial, but those in Lot 6 were mainly “ cull ” lambs in poorer 
condition. All sheep -were weighed before the trial, and at monthly* 
intervals throughout.. 
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2. Course of Trial. 

The trial was begun on Stli April, 1931, and discontinued on 23rd 
NovemW, 1931. On 8th April the weights were as follows 
(average) :— 

Lot l.-'-39 lb. 4 oz. 

Lot 2.—40 lb. 0 oz. 

Lot 3.»-40 lb. 7 oz. 

Lot 4.—39 lb. 12 oz. 

Lot 5.—39 lb. 7 oz. 

T.ot 6.—35 lb. 13 oz. 

During the first four months of the trial, seasonal conditions becniiK* 
progressively worse, cold w<»ath(‘r with heavy rains setting in during 
May and continuing throughout. It was found at the beginning of 
August, that all sheep in the first five lots were suffering the effects 
of feed shortage, and paddocks were almost eaten out, that of Lot 4 
being particularly bad. 

At this time, the changes in weights from the beginning of %he trial 
were as follows:— 


Lot 

1 

gained 

5 

lb. 

14 

oz. 

Lot 

2 

yy 

2 

lb. 

3 

oz. 

Lot 

3 


1 

lb. 

6 

oz. 

Lot 

4 

lost 

0 

lb. 

9 

oz. 

Lot 

5 

yy 

2 

lb. 

1 

oz. 

Lot 

6 

gained 

4 

lb. 

4 

oz. 


Lot 5 was very much the worst of all lots, and at this time four 
lambs from it liad died, as compared witli 1 in Lot 1, 1 in Lot 2, 0 in 
Lot 3, 2 in Lot 4, and 1 in Lot 6. 

It was now considered necessary to hand-feed Lots 1 to 5 on oats, 
as had been done in tlie cas(‘ of Lot 6 for the previous four months, a 
half-pound per head being allowed from this date* onward. At the same 
time, an additional protein supplement in the form of blood meal was 
added to the basal phosphatic lick of Lot 6 from the 12th August, 
50 parts of blood meal added to 50 parts of lick. 

At th(‘ September weighing, the total losses were found to be:— 

Lot 1.—3 sheep (two deaths occurred in the yards shortly after 
dienching) ; 

Lot 2.—3 sheep; 

Lot 3.—1 sheep; 

Lot 4.—3 sheep; 

Lot 5. -14 sheep; and 

Lot () V as not weigluHl or counted on this occasion. 

All lots showed slight gains in weight. 

In October, the total losses in the various lots were:— 

Lot 1.—3 sheep; 

Lot 2.—3 sheep; 

Lot 3.—2 sheep; 

Lot 4.—3 sheep; 

Lot 5.—16 sheep; and 

Lot 6.—7 sheep (one additional dealli from accident not in 
eluded). 
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The sheep received the seventh and last drenching on 8th November, 
but were not weighed until shorn on 23rd and 24th November, No 
further deaths had taken place at this time. 


At the time of shearing, the weights were:— 



Wool Cut Pi r Hejul 

Live Weight Per Head. 

Gain in Live Weight 
Throughout Trial. 


lb. oz. 

lb. oz. 

lb. oz. 

1 .. 

4 14 

54 13 

15 7 

2 .. 

4 2 

55 0 

15 9 

.3 

4 10 

58 14 

18 7 

4 .. 

3 14 

52 8 

12 12 

5 

3 -y 

47 1 

7 10 

ft .. 

4 0 

50 3 

14 6 


At the end of the trial, the paddocks of Lots 1, 2, and 5 wore 
approximately equal in condition, that of Lot 3 was definit(dy somewhat 
bettor, and that of Lot 4 by far the worst of all. Sheep in Lot 5 were 
in much worse condition than the others, many of them losing their 
wool. 

In both Lots 5 and G, it was found that, while many of the slieep 
were well grown and comparable to those in any of the other lots, a 
largo proportion were stunted and undersized. Thus, while in Lots 1, 
2, eS, and 4 no sheep weighed under 40 lb., in Lot 5 there were 5 out 
of 34, and in Lot 6, 13 out of 84 beneath this weight. It is obvious,, 
however, from the average weights given, thjit in no ease were the 
slieep in any group well grown for their ages (14 months), nor did they 
produce adequate quantities of wool. 

In regard to the consumption of medicated lick by Lot 3, this was 
negligible for the first four months, but during the fifth month this lot 
consumed 3 gms. per day, during the sixth month 7 gms. per day, and 
during the seventh month 5 gms. per day per head. 

From the 12th August, Lot 6 consumed per head an average of 
6.86 gms, of a lick containing 50% blood meal, oi approximately 3.4 gm^, 
per day per head of this supplement—too small an amount to exert any 
marked effect on the nutrition of the animals. 


3. Post-mortem Fiiidings. 

Five sheep in each of Lots 1, 2, 3, and 4 wore killed at the end of 
the trial, and all helminths (worms) present collected. Unfortunately, 
through an error, all but two sheep in Lot 5 were drenched with carbon 
tetrachloride and so only these two were killed. In Lot 6, all animals 
were drenched, but two were killed subsequently to determine the degree 
of infestatioji in the large bowel. 

Light infestations with Haemonclius contortus »were found in 1 out 
of 5 animals examined in Lot 1, in 1 out of 6 animals examined in 
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Lot 2, in none out of 5 animals examined in Lot 3, in 4 out of 6 
animals examined in Lot 4, and in 2 out of 2 animals examined in 
Lot 5. 

Variable degrees of infestation with small Trichostrongyles in the 
abomosum and small intestine were found in all sheep. 

All large bowel parasites were collected and counted, the average 
number of Oesophagostomum venulosum and Chahertia ovina per sheep 
being:— 

Lot 1.—74; 

Lot 2.-87; 

Lot 3.—9 ; 

Lot 4.—75; 

Lot 5.—36 (two animals only) ; and 

Lot 6.—45 (two animals only). 


4. Discti^fisioih. 

Though very adverse seasonal conditions interfered markedly with 
the trial and resulted in marked feed shortage, nevertheless certaiiv 
definite indications may be drawn from the trial. 

(a) Mortality Rale, —The mortality rate in each of Lots 1 to 4 was 
respectively 7%, 7%, 5%, and 6%, while in Lot 5, the untreated control, 
it was 32%, and in Lot 6 (hand-fed throughout), it was again about 
7%. It appears, therefore, that medicinal treatiramt with any one of 
three standard methods of treatment reduced mortality from 32% to 
from 5 to 7%, although th(5 major infestation was with small Tricho¬ 
strongyles. In the case of Lot 6, it appears that hand-feeding alone 
was able to effect a reduction in mortality comparable to that resulting 
from medicinal treatment. 

(h) Wool and Mutton Production .—In addition to markedly lower¬ 
ing mortality, all treated lots showed considerably greater gains in body 
weight than did Lot 5, this being greatest in Lot 3, and least in Lot 4. 
Lot 6 showed much greater gains in weight also than did Lot 5, and 
even than Lot 4, but less than the other treated lots. It should again 
be mentioned that Lot 4 was handicapped owing to the excessively poor 
conditions in this paddock. The treated lots showed a gain of ^ to lb. 
of wool per head more than the control Lot 5, but it is noteworthy that 
Lot 6 was comparable in tliis respect to any of the treated lots, and 
better than Lot 4. 

(c) Effect in Controlling Large Bowel ParusUes. —There is some 
suggestion that the administration of sodium arsenite and copper sul¬ 
phate in licks to Lot 3 had some effect in diminishing infestation wdth 
Oesophagostornum venvlosum and Chahertia ovina. Ilow^ever, it is 
not safe to draw definite conclusions in regard to this, since individual 
variation may have accounted for the finding of 9 per head in this 
lot, compared wdtli 74, 87, and 75 per head in the other treated lots. 
It would be the more remarkable if this finding were a true reflex of the 
degree of infestation in Lot 3, in view of the fact that this lot only 
consumed appreciable quantities of the lick during the last three 
months. This point will be investigated further, since under controlled 
laboratory conditions, such favorable indications had not been obtained 
by us. 
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{d) Effect of Improved Nutrition from Hand-feeding .—Though 
hand-feeding without treatment, in the case of Lot 6, reduced the 
mortality rate to a degree comparable to that achieved by treatment, 
and also resulted in similar gains in wool and weight, it cannot be said 
to have justified itself as an economic alternative to treatment. The 
cost of the oats consumed during the four months in which this lot 
received hand-feeding before the other lots would be in the nature of 
at least 2s. per head, while to this must be added the cost of the blood 
meal supplement consumed, alight though this was. In comparison 
with this expenditure of over 2s. per head, the cost of any individual 
anthelmintic treatment for the whole seven months would not exceed 
2d. per sheep. 


5. Conclusions. 

1. Routine moritlily treatment with copper sulphate, sodium arsenite 
and copper sulphate, or carbon tetrachloride alone, greatly decreased 
mortality caused primarily by small Trichestrongyles, though no sug¬ 
gestion was obtained that eradication could be achieved by such 
measures. 

2. Treated sheep cut from i to IJ lb. of wool per head more than 
untreated, and showed much grrater gain in weight. 

3. While the administration of certain drugs in the form of licks 
appeared to lessen the degree of infestation with large bowel worms, this 
requires confirmation before any opinion is formed. 

4. Feeding nutritional supplements without medicinal treatment, 
though lowering the mortality rate markedly, cannot be justified as an 
alternative to treatment, because of the very much greater expenditure 
involved. 

5. A combination of improved nutrition with medicinal treatment 
appears necessary before wool and mutton production on this property 
can be raised to satisfactory levels. 
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The Export of Australian Apples. 
Suggested Improvements of Present Methods. 

By W, M, Came, Senior Plant Pathologist, Division of Plant Industry. 

Mr. Came wa.s one of tho first oflioors appointed by the Council with a 
view to tho establishment of the Division of Plant Industry. Prior to that, 
he was a member of the staff of the Western Australian Department of 
Agriculture. Since joining tho Council some four years ago, he has remained 
in Western Australia, and has given a considerable amount of attention to the 
problems connected with tho export fruit trade, and particularly in regard to 
the non-parasitic conditions (bitter pit, water core, &c.) that arise during the 
cold storage and transport of apples. Many of the results of this work have 
already been published (see this Council’s Bulletin 41, and its Joi/rwof 2 : 49, 
1929. 3 : 167, 193, 1930. 4 : 6.5, 1931). 

Early in 1931, as a result of a grant from the Empire Marketing Board, 
arrangements were made for him to visit Great Britain in order to make 
himself more conversant with the problems of tho fruit export trade at the 
English end, and also with the investigations of the British Food Investigation 
Board and other research stations, such as the Horticultural Research S^tation 
at Long Ashton. He sailed from Australia on the 26th March and returned 
via South Africa some months later, finally reaching Perth on the 1st October. 

In the case of some apples, he was able to follow them from the orchards at 
blossom time until they had been held on tho English markets for some three 
weeks or more. This experience was of considerable value, as it enabled him 
to correlate the final condition of the fruit at the marketing end with the 
treatment it had been given in tho orchard and on the Australian wharves. 

As a result of his visit, Mr. Carno has come back with some definite ideas 
as to various ways in which the Australian fruit export trade may be improved. 

It has been thought that some good would result if these wore considered and 
discussed by growers, packers, and others financially interested in that trade. 
Through the kind co-operation of the various State Departments of Agriculture 
and others, arrangements have accordingly been made for Mr. Came to visit 
the apple-growing States during tho early part of tho year 1932, and to discuss 
his views in person. In the meantime, he has prepared a brief statement of 
his ideas, which has now been printed below, in order that it might be cir¬ 
culated amongst those interested prior to Mr. Game’s visit. 

In so making it available, the Council desires to point out that the article 
merely forms a basis of discussion and that it should not be construed as 
being a final statement of the position. —Ed. 


1. Introduction. 

Australia grows very excellent export apples. In 1931, as in other 
years, there were no better apples on the London markets from April to 
July than some from Australia, yet in 1931, as in other years, there wore 
no worse apples on the same markets than some from Australia. The 
Australian fruit competes with apples from New Zealand and the United 
States, ar.d to a lesser extent with those from South Africa and Chili. 

New Zealand apples are of the same season and of the same varieties 
as Australian. They have a high reputation for condition,* quality,* and 
pack ; their grading is effective and the grades very uniform ; and the range 
of prices between the highest and the lowest is relatively small. They 
secure the cream of the market during the season. United States apples 
have a high reputation for condition, in spite of the fact that they have 
been held in cool store months longer than those from Australia and New 
Zealand. That fact operates against their quality, especially their freshness. 


• For a definition of thCFC tfin's ere eection “The Corrret Time of Picking for FMort.” p. 42. 
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Their grading is excellent and the pack extremely good. Their good 
condition despite their long storage is connected with the fact that they 
are selected from long-keeping winter varieties. Apples from the Southern 
Hemisphere are of early to late mid-season varieties for the most part, and 
have shorter storage lives. 

South African apples are of varieties common in Australia. Though 
initially inferior to Australian in quality, they arrive on the markets in 
better average condition. Chilian apples are also inferior in quality to 
Australian, but they reach the English markets in good average condition. 

The outstanding characteristics of Australian apples on the overseas 
markets are variability and unreliability. Their condition ranges from 
very bad to very good, their quality from fair to excellent. Their grading 
d^es not result in there being a relation between the grades and the prices 
received on the same market, i.c., fruit in the top grade often does not 
obtain as high a price as that in a lower grade. Two typos of boxes are 
used and these vary considerably in quality and suitability. The packing 
is also variable and ranges from loose packs of badly sized fruit to packs 
that are in every way satisfactory. The prices received are also variable, 
and show a range between highest and lowest much greater than those 
received by competing countries. These facts have set up a reputation 
which reacts unfavorably on good fruit. 

It is perhaps incorrect to speak of the reputation of “ Australian ” 
apples. Those from the different exporting States differ so much in 
average condition and quality, in varieties, and general characteristics, 
that the fruit trade in (Ireat Ib'itain and on the Continent recognizes 
definite, though unformulatcd and unolficial, State standiids. It is 
accustomed to say that one State is above or another l)elow its usual 
standaid in any particular season. 

Other d'fects in the exporting of Australian apples include a multiplicity 
of brands and marks, an extraordinary number of varieties, far too many 
small lines, and a la(‘k of a central bedy set up by tlu^ industry and having 
the power to place shipments in store during temporary gluts, to divert 
shipments to more favorable markets, and generally to see that the fruit 
is marketed in the best possible w^xy. The consequences of this lack 
are irregularly supplied markets, and shortages followed by gluts, during 
which, besid‘s the resultant poor prices, fruit is nocessaril}^ delayed in 
distribution and deteriorates in consequence. 

The growing criticism of Australian api)los in recent years is the result, 
not of their deteiioration, but of their condition, packing, <S:c., not having 
kept up with the improvement of the fruit from competing countries. 
Fruit is judged by comparison. New^ Zealand apples have a reputation 
much superior to that of those from Australia and average definitely 
higher prices. It is a useful sidelight on these facts that retail 
shopkeepers in London rarely label apples “ Australian ” though “ New 
Zealand ’’is often seen. Yet both countries distribute appropriate window 
tickets to retailers. 


2. Causes of the Present Conditions of the Export Trade. 

The reasons for the lack of standardization and the unreliability of 
Australian apples may be discussed under the following headings:— 

(i) The present export regulations and their application. 

(ii) Inadequate organization in the industry for the better handling, 

shipment, and marketing of its fruit. 
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(iii) Lack of appreciation of the importance of details when marketing 
fruit overseas. 

(i) Export Regulations .—Of the regulations in so far as they affect grading 
the difficulty, as already mentioned, is to design a set of grading rules that 
will result in apples graded in Australia maintaining their grades when 
marketed some weeks later in Great Britain No system of grading will 
absolutely control condition on the overseas markets because of the varying 
conditions to which fruit is subjected at sea and after unloading. This 
makes it all the more important that the condition of the fruit when shipped 
should be good, especially in the higher grades. 

(ii) Organization in the Industry .—Inadequate organization in the industry 
is responsible for many defects which are more or less successfully avoided 
or overcome by the highly organized competing industries of South Africa, 
New Zc^aland, and United States of America. Marked improvement in 
ships’ stowage and refrigeration ; handling and marketing overseas ; pre¬ 
cooling ; and to some extent improvement in handling between orchard 
and ship’s sid(j in Australia will come only when the industry decides to 
organize more (effectively for improvement. The best results are likely 
only when the industry retains control of its product up to the first sale 
overseas. There is no doubt whatever that the succ(‘ss of our competitors 
must be largely traced to organization. Better organization in the marketing 
of Australian apples would be \^elcomed in New Zealand and South Africa, 
as the pres(mt conditions in the Australian export trade react unfavourably 
on their marketing as well as on ours. 

(iii^ Market Requirements .—Carelessness and/or ignorance of details is 
more th(' concern of individuals (growers, pickers, packers, &c.), and it is 
to th(;m that this article is particularly addressed. They determine largely 
the condition, quality, and pack of the fruit before it is shipped. The remedy 
of defects in these matters lies in their hands through the improvement of 
pres(;nt practices of picking, grading, sizing, packing, and labelling. 

3. The Correct Time of Picking for Export 

Correct picking is essential for both condition and quality. Condition 
may be defined as freedom from defects which bring about deterioration. 

Quality refers mainly to those features which apj>eal to the eye, and 
to a lesser extent, to the taste. In practice, grading for quality concerns 
appearance, as there is a general agreement as to what makes an apple 
attractive. On other points, buyers’ opinions differ considerably. To be 
specific, good condition implies good maturity, and freedom from water core, 
mouldy core, severe hollow core, internal injuries from insects (such as 
codling moth), bruises or unhealed surface cuts or scratches, or anything 
else liable to cause deterioration. Good quality implies good shape and 
colour for the variety, a bright clean skin indicating freshness, and freedom 
from disfiguring markings such as healed scratches, insect injuries, scab 
spots, bitter pit spots, (excessive russetting, &c. 

Two things are to be specially avoided in picking, namely, picking too 
soon and picking too late. The former results in complaints oiF immaturity 
and poor colour overseas, the greens being too green instead of yellow-green, 
and the reds deficient in amount and (frab instead of bright and fresh. 
Further, susceptible varieties are almost certain to develop bitter pit, unliMss 
too immature even for pitting. 

Picking too late results in complaints overseas of over-ripeness, break¬ 
down and rots. Over-ripeness, though resulting in a loss of flavour and 



43 


the development of mealiness in the flesh, is important mainly because of 
its relation to waste. Ripe fruit is soft and bruises readily under the 
prevailing handling conditions. Fungal rots rapidly follow. Further, ripe 
apples are subject to eye-spot rots, and fruit that is too nearly ripe when 
picked is very likely to be over-ripe on the markets if the temperatures in 
the ships’ holds are on the high side, or if the sea voyage is protracted, or 
if the market distribution is slow. Apples of the softer varieties, particularly 
Jonathan and Cox’s Orange Pippin, are very subject to late or maturity 
water core as they approach ripeness. If an affected apple is cut in haJf 
transversely, the water core will bo seen as radiating translucent spots or 
streaks in the flesh (Plate 1 , Fig. 1).* If the fruit is cut in half longitudinally, 
the water core appears as bands in the flesh increasing in width towards 
the calyx end. This type of water core is not typically found in the core 
tissues, but sometimes a transitional form between the true water core 
formed in immature apples and the radial form of maturing fruit occurs. 
This maturity form of water core does not show external evidence of its 
presence and is usually overlooked. The eating quality is not appreciably 
affected in fr(ish fruit, and if stored not too long and in efficient cool stones 
and distributed rapidly after removal, affected fruit keeps sufficiently well. 
With long storage or in temp()ratures not sufficiently low, affected fruits 
develop that brown collapse of the tissues called “ breakdown ” (Plate 1, Fig. 
2) which is one of the principal causes of the reputation for not keeping 
(earned by these varieties. Numerous instances of water core breakdown 
were seen overseas in 1931 which attracted much adverse criticism especially 
in Jonathans. It was not uncommon for fruit to land in apparently good 
to excellent condition and then rapidly to collapse with breakdown. With 
f(‘W exceptions, water core could be detected in the collapsed fruit, which 
is proof that it was in an unsound condition when shipped. There is no 
doubt that the shipping of fruit with water core in 1931 was one of the 
principal causes of the complaints of non-keeping in Australian apples that 
season. 

The best practical guide to picking is the ground colour of the fruit. 
Whatever shade of green an apple has when fully immature, the green is 
replaced by yellow or cream as it ripens, so that when it is tree ripci the green 
has entirely disappearcid. The proportion of green to yellow provides quite 
an effective guide to maturity when used intelligently. 

Varieties with a high susceptibility to bitter pit but not to water core 
and hence not to breakdown, such as Cleopatras, should not be picked until 
there is distinct evidence of yellow in the green, that is, until they are green- 
yellow. 

Jonathan, Cox’s Orange Pippin, Gravenstein and other quick maturing 
varieties subject to both bitter pit and water core breakdown should be 
picked mainly on the basis of avoiding water core, as breakdown is a more 
serious defect than bitter pit. As picking time approaches, a few of the 
larger and more exposed fruits should be cut and examined daily. These 
are the first to develop water core. Picking of the main crop should be 
completed before or as soon as the first evidence of water core is found. With 
heavy crops of these varieties, it will generally be found possible to leave 
the fruit until the ground colour is green-yellow thus avoiding severe pitting, 
poor colouring, and breakdown. In light crops, water core appears earlier, 
and the best picking stage is usually when the first faint signs of yellow 
appear in the green. Such fruit is certain to develop some bitter pit and 
to be poorly coloured and immature on the overseas markets. Fruit from 
light crops of these varieties cannot be exported without developing pit on 


* Facing page SO. 
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t)reakdo^\n or both. Apples of these varieties over 2J-inch diameter aro 
•dangerous from half crops, whilst those from still smaller crops should never 
"be exported. Varicitios like Granny Smith and French Crab, which are 
pref(‘rrod green by the trade and which have a relatively low susceptibility 
io bitter pit, should be picked after the first change from the full green of 
Very immature fruit can be detected. 

Varieties of good keeping reputation should be picked after the first 
distinct evidence of yellow is visible in the green or after the ground colour 
is groen-yellow, according to whether their susceptibility to bittor pit is 
low or high. 

Varieties subject to true or common water core (Plate 1, Fig. 3) such as 
Stone Pippin, Rome Beauty, Rokewood, Democrat, Granny Smith, and 
Dunn’s, should bo picked somewhat later than usual when the trouble is 
plentiful, as it tends to disappear while the fruit is on the tree. Even when 
affect(‘d, these varieties keep fairly well when exported. Ilowevc'r, such 
fruit is not sound and good, and if delays in selling occur in thr^ markets, 
it may devedop bn^akdown. This occurred severely in the varieties Rome 
B(‘auty, Rok('W()(>d, and Democrat in 1931. 


4. Grading for Export Conditions. 

Dood grading is ess^oilial for the di'Vtdoprnent of a good n'putation in 
marketing. Tt should not b(‘ confused with mer(‘ sizing, for it cannot lx* 
done nu^chanically. 

The fruit should be divid(*d into two or thr(‘e (‘xport grad(‘s, into local 
market fruit, and into culls. The culls should include bruised and freshly 
injured fruits and thos(‘ with rots, very small and badly mis-shapen fruits, 
and fruit badly marked, seabb(‘d, or with codling moth. See, 

The local marked fruit should include fruit with water core (the Jonathan 
tyj)e always, and the ordinary type when bad), fruit which is very immature' 
OT too mature* for export, and oversizcid fruit. By ov(*rsized is meant 
generally 3-inch diam(‘t('r or more in d(*ssert varieth'S and over 3^ inch in 
culinary varii*ties. Tn the quick jnaturing vari(‘ti(*s lik(* Jonathan and Cox's 
Orange Pip])in, 2j--ineh fruit should not be ('xported unless (juite firm and 
positively fr(‘(* from wat('r core. Two to 2.]-ineh fruits of these varieties 
are nref(*rred ()V('rs('as and carry much b< tt( r. 

The “plain” export grade should include fruit which is somewhat 
immature or evc'ti slightly overmature ; fruit of liaid vaiicties like Rekewood, 
Di'inocrat, Ron e Bc’auty, &c., when alTected with ordinaiy water core but 
not severely; and “ bull ” apples of varieties like London Pippin and 
Cleopatra owing to their liability to ” hollow core.” (Should these varh tics 
bo from light crops the general pr(*s<*nce of “ hollow core ” would justify the 
main crop being graded “ plain ” and the “ bulls ” discarded as they are 
liable to develop “ mouldy core ”). The export regulations require that 
^-inch fruit, except of naturally small varieties, shall be placed in this grade*. 
Oversized fruit if (ixported should be graded “ plain ” as it is apt to carry 
badly and be defective in condition when marketed. The regulations 
specify the maximum allowable surface markings. 

The regulations require that fruit in the “ standard ” grade shall be 
sound. This means that the fruit shall be sufficiently mature to avoid pitting 
in susceptible varieties, but not soft or over-ripe, and that it shall be fre e 
from water core (both forms), mouldy core, severe hollow core, rots, bruises, 
unhealed injuries, and internal insect injury. Though not laid down by 
regulation, growers are advised to separate this fruit into well coloured and 
poorly coloured, and to pack these separately. The regulations specify 
the maximum amount of allowable blemish^ 
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If “ specialgrade is used, it should be made up of well-coloured clean 
fruit from the standard grade. In this case, the? balance of the fruit remaining 
in the standard grade should be mixed and classed as standard (i.e., not 
separated into two classes based on colour as recommended in the paragraph 
immediately above). If this were done, the resultant proportionate increase 
of the content of blemished fruit in the standard grade would bo offset some¬ 
what by the bettor average colour. Such a pack, how» sr^'r, is a mixed on<*. 

It is suggested, therefore, that no “ special ” grade be used and that 
only “ standard be packed, but that there be two sub-grades within the 
“ standard ”—a better and a poorer coloured one. In the usual season, 
one or other will predominate. 

If the quantity of poor coloured fruit is small, it should be placed in 
the “ plain ’’ grade. It should be remembered that the object is not 
more cases of “ standard ” fruit, but more standardized fruit. 

5. Sizing. 

Sizing is very important as it is the foundation of a good pack and a 
fair d(^al with the buyer. Possible temporary gains by incorrect sizing 
should not be sought at the price of damage to the reputation of the 
industry as a whole as well as of the individual. Fruit should be sized 
to i inch sizes and care should be taken to see that the sizing plant is 
clean and that it docis not damage fruit. 

6. Packing. 

(Jood ])acking ensures a good appearance, good weight, and the maximum 
freedom from bruising in handling. It is surprising how little wo know 
about packing in relation to the condition of fruit overseas, and investiga¬ 
tions are needed to determine the best type of box and how best to pack it. 
Ikmding these, the following suggestions based upon experience in other 
countries and observations by the writer are offered. 

1. Use the type of box most common in your State. This helps for 
good stowage in road and rail vehicles and in shiy^s’ holds. Remember no 
one knows yet what is the best case to use. The hardwood case carries 
fruit as well aS the softwood case in use in Australia. 

2. Use a well-made case of correct dimensions. This aids packing and 
appearance and ensures good weight. 

3. Use a standard j)ack. Keep to that determined by the first layer 
in each box. Do not vary the pack in a box if it is coming too high or 
too low. Either a different pack is needed or the correct height should 
be attained by packing the fruit on its shortest or longest diameter. 

4. Press firmly but gently on each layer when completed. Pack firmly 
by pulling the fruit forward as each is placed in position. If this is not 
done, some layers will be several fruits short and slack packing result. 

5. If a hardwood dump case is used, bring the pack just above the 
surface so that the lid when nailed on shows little or no bulge. If a 
softwood case of the Canadian type is used, take care to avoid an excessive 
bulge. The value of the bulge has been exaggerated and as used is a 
prolific source of bruising. Though not specified in the export regulations, 
the use of end cleats is essential in this type of box, preferably at both 
ends of the tops and bottoms. These cleats should be at least | inch 
thick. If only top cleats are used, they should be at least J inch thick. 
In packing, a bulge not exceeding the cleats in height should be sought. 
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The common use of bulges J inch to inches in height protected by cleats 
about J inch thick means not only bruising when the lid is nailed on, but 
more important, bruising later on. Such cases cannot be stacked in 
trucks, ships* slings or holds without pressure being applied to the bulge. 
Pressure should be taken by the cleats and ends, and not by the bulged 
tops and bottoms. Such cases invariably open up with bad bruises on 
the fruit beneath the bulge. 

6. Use woodwool between the fruit and the tops and bottoms or 
preferably the corrugated cardboards which surround the fruit except at 
the ends of the boxes. These serve to reduce bruising, but they cannot be 
relied upon to make up for slack or overtight packing or excessive bulging. 

7. Brands, Labels, &c. 

Attractive labels, easily read and properly stuck on are best, especially 
on hardwood boxes. Stencilling, if used, should be distinct and clean. 
Brands and printed labels are inadvisable except for long lines. Short 
lines should not be exported, for wholesale buyers do not want them. A 
minimum consignment of any variety, say 20 or 50, should be decided on 
and adhered to. Imagine the work of sorting out hundreds of brands and 
marks in a shipload, each with several varieties, and the difficulties of 
buying, selling, and bookkeeping. If there is a district packing shed, use 
it. Remember your name or brand is only one of thousands going from 
Australia. Get your fruit under a brand associated with long lines of 
standardized fruit wrapped in printed labels. If there is no district packing 
shed, get your neighbours together and start one. Aim at a brand which 
buyers will ask for, and retailers advertise; but you must have the 
quantity to meet the demand. Fewer packing sheds mean longer lines 
of fruit, more standardization, lower costs for handling and marketing 
overseas, and a better reputation for Australian fruit. 

8. Conclusion. 

The advice given above, if followed by those who have neglected the 
points raised, will help to improve the reputation of Australian apples in 
the coming season. Especially are growers warned against exporting the 
earlier and softer varieties, such as Jonathan and Cox*s Orange Pippin, 
when affected with water core, or in large sizes. This advice applies 
particularly where the crops of these varieties are light, for the large 
sizes from such crops will be soft, will bruise readily and develop rots, and 
will most inevitably develop water core with breakdown as a consequence. 
The attention of growers in the areas affected by thrips is particularly 
drawn to this point. 

Grade fairly, size accurately, and avoid slack or overtight packs. 
Especially avoid unprotected bulging of the tops and bottoms. 

Finally, don’t hold the earlier quick-maturing varieties after packing. 
If they cannot go direct to the ship’s side for loading, place them in cool 
store. Otherwise they will arrive on the overseas markets in a more or 
less ripe condition. 
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Fruit Bud Studies: 1, The Sultana. 

An Analysis of the Distribution and Behaviour of the Buds 
of the Sultana Vine, together with an Account of the 
Differentiation and Development of the Fruit Buds. 

By C. Barnard, MSc., Botanisi, Division of Plant Industry. 


This investigation was carried niii at the Commonwealth Koaearch 
Station, Merbein, Victoria, during the years 1928-29, while Mr. Barnard 
was an officer of that station. The part dealing with distribution was 
suggested by Mr. A. V. Lyon, M.Sc., Officer-in-Charge of the Station, and 
the part do.aling with difTerentiatinu was suggested by Dr. B. T. Dickson 
as a contribution to a series of studies on the differentiation of fruit buds 
forming part of the programme of the Division of Plant Industry, C.S.I.R. 

The facts set out in this paper are ])uhlished principally for the benefit 
of the horticultural instructor and grower-experimentalist as offering 
a sound basis for experiments dealing with yield capacity in the 
vine.—E d. 

Summary, 

1. The yield capacity of the sultana is limited, in many seasons, by the small 
number of fruit buds present. 

2. vStudies in respect to the distribution and development -of the buds have 
been made as the first step in an investigation of the factors involved in fruit 
bud formation. 

.'1. Records taken during four successive seasons showed that only 56% to 
60% of the buds, which are present on the vine at the end of winter, develop 
into shoots in spring, and of these from 56% to 76% are fruit-bearing shoots. 

4. The proportion of buds which develop into shoots is least at the base of 
the cane and increases progressively towards the distal end, and a higher pro¬ 
portion develop on medium length canes than on long ones. 

5. 'riie proportion of fruit buds is low’ towartls the base of the cane, increases 
progi-essively outwards, and falls off towards the distal end in all except very 
short canes. 

6. The seasonal variation in the proportion of fruit buds present is largely 
dependent upon the number of fruit buds formed on the distal half of the 
cane. 

7. In the 1928-29 season the investigation showed that basal buds were 
differentiated by about 12th November, while for buds of the 16th node the date 
w’as 11th December. 


1. Introduction. 

During the course of the last few years, investigations have been carried 
out with a view to determining the factors involved in the yield capacity 
of various fruit trees, and the sultana has received special attention in this 
work. While much remains to be learned, it appears from the evidence 
that the yield of fruit in the sultana depends on two main factors, viz., the 
number of fruit buds formed and the number of berries ultimately developed 
on each bunch. For example, five typical vines were selected and 390 buds 
studied in each of two successive years. In each year some 130 buds remained 
dormant, while of those which grew, 53 developed fruit-bearing shoots the 
first year and 119 the second year. The yields resulting were respectively 
111 lb. and 202 lb., these yields beinc closely proportional to the numbers 
of fruit-bearing shoots and being reflected in the total yields throughout 
the district for the years concerned (1925-“26 and 1926-27). 

The work reported here deals with the origin and development of buds 
and their distribution on the vine, and constitutes the first step in a study. 
of the factors involved in the yield problem. 
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2. Constitution of Buds. 

On a young shoot, two buds develop in the axil of each leaf, but as they 
are enclosed in a common protective scale they appear to the eye as one bud. 
A s growth proceeds, they separate and one gives rise to a short lateral shoot 
during thes season. This lateral is usually only 4 to 5 inches long, and it 
generally falls with the leaves in autumn. The other bud in the meantime 
has developed two accessory buds, one on each side, and the three thus 
formed are enclosed in common scales so that they appear as one large bud, 
which is really a compound bud or “ eye.” The two side or accessory buds 
s(ddom develop further and the central bud constitutes the main unit. A 
microscopic examination of this main bud taken in November shows that it 
is already quite •well developed, having five or six foliage leaf rudiments, with 
a microscopic bud rudiment in the axil of each. It is during this period 
that the main unit is differentiated either as a wood bud or as one which 
will bear fruit, although at this stage such units do not appear different to the 
eye. 

The compound bud remains dormant over winter. 

3. Bud Burst. 

The first indication of renewed growth is evident iu mid-August when the 
central bud swells. It opens about a fortnight or three weeks later and 
rapidly develops as a growing shoot. Records taken at Merbein show that 
for eight successive years (i922“1930) the average period of bud burst 
extended from the 1st to the 16th of September. The seasonal variation 
in the period was small but was closely correlated with soil temperatures 
during August. 

A large proportion of the buds, how ever, fail to burst, only 56 per cent, 
to 60 per cent, actually develojung into shoots. There is a very slight 
variation in the percentage of developing buds from season to season, and 
there are relatively less on long canes than on short canes in any one season. 

Tlie chances of the development of a bud are also governed by its position 
nw the cane. The proportion of terminal buds which give rise to shoots 
is high, whilst a comparatively large num])er of basal buds remain dormant. 
An analysis of part of the data collected during the seasons 1927- 28 and 
1928-29 is presented in Fig. 1, Plate 2. 

Cliarts 1 in this figure sliow^ the percentage of buds which Imrst at each 
node on long canes, e.g., of all the basal buds examined only 20 per cent, 
developcid shoots, as compared with 70 per cent, of the buds at the 15th 
nodes. 

With short canes the increase in the percentage of developing buds is 
rai)id and uniform. In the case of medium length canes, the chances of 
bursting incniase to a certain node (4th in 1927, 6th in 1928), after which 
there is a slackening in the rate of increase up to the 12th or 13th node 
followed by an increase again towards the end of the cane. A similar feature 
is noted in the case of longer canes, although it is not so pronounced. 

At present we know little of the factors which affect the sprouting of 
the buds, although soil moisture, temperature, the carbohydrate reserves 
of the plant, and cultural treatment are all involved. 

As an illustration of the effect of cultural treatment, an experiment was 
carried out during the 192^29 season designed to compare the standard 
practice of cracking and twisting the canes along the trellis wire with the 
effect of tying the ends loosely to the supports. It was found that 64 3 
per cent, of the buds on the twisted or “ rolled ” canes developed, as against 
56-7 per cent, in the case of the loosely tied canes. The difference of 7*^ 
represents 11-8 per cent, of the mean burst of the canes treated according 
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to the standard practice. As the coefficient of variation in the proportion 
of buds developing on normally twisted canes is 35*2 per cent, and 176 canes 
were used in each treatment, the difference obtained is entirelv significant. 

The yields from the vines used in this experiment together with relevant 
data are as follows :— 


- 

VllP’l CT 

of ^ 

Ate IP Yield 

DUTeretif'o 

StHTiderd 

Error 

I'ifferencf* 

Percent ige 

Canes twisted .. 
Canes tied 

87 

85 

1 

‘2(i-44 lb. 
23-31 lb. 

313 lb. 

117 

•0024 


The significant difference of 3*13 lb. represents a difference of 11*8 percent, 
in the mean yield of the control. It will be evident that the difference of 
11 *8 per cent, in the percentage of developing buds is to be corrrelated with 
the difference of 11*8 per cent, in the yield, and the importance of the number 
of dtiveloping fruit buds in respect to yielding capacity is strikingly illustrated 
in these results. 

4. The Proportion and Distribution of Wood and Fruit Buds. 

(1) The Proportion of Fruit Buds ,—The proportion of fruit buds present 
can be determined by means of a microscopic examination of the buds during 
winter, as it is possible to distinguish fruit buds from wood buds on account 
of the presence of a rudimentary inflor(*scencc in the former. Such an 
exaiiiination of 500 buds during the winter of 1928 showed that 56*5 per cent, 
of the buds were fruit buds, whilst a count of fruitful and barren shoots in 
the following spring showed that 56*0 per cent, of the shoots were fruit shoots. 
It may thus l)c possible to estimate the proportion of fruit buds present 
during early winter and to utilize the information at pruning. 

As noted above, not all the buds burst, but the fact still holds good that 
56 per cent, of those that did burst in 1928 produced fruit-bearing shoots. 

This is illustrated in Table T., in which the behaviour of the buds in foiir 
successive seasons is recorded. 


Table I. 

Variation in Percentage of Fruit Buds. 


Year 

1 

Type ot ('«nc 

2 

Totnl 

Puds 

:i. 

Ttdnl 

Sh(X)b* 

4. 

Flint 

Shoots 

5. 

I’er cent 
Fruit Shoot‘ 
of Total 
Puds. 

{'> 

J’t r cent 
Flint Shoots 
ot Total 
Shoot‘4 

7 

l’(‘r cent 
Two-bunch 
Shoots of 
Fruit 
Shoota. 

102(i-27 

All sizes .. 

2,443 

i,:)93 

974 

39*98 

69*9 


1927-28 

Short 

059 

355 

227 

.34-5 

63*9 

9*7 


Medium 

3,740 

2,149 

1,536 

41*0 

71*.7 

13*8 


Lonjj; 

2,150 

1,214 

814 

37*0 

67*1 

13*6 


Total .. 

0,501 

3,718 

2,407 

36*0 

64-7 

13*6 

1928-2§ 

Short 

550 

360 

173 

31*1 

48*1 

81 


Medium 

2,539 

1,606 

879 

34^6 

54*7 

14-2 


Long 

4.157 

2,444 

1,418 

34'1 

.58*0 

12-6 


Total 

* 

7,252 

4,410 

2,470 

34*0 

56 0 

12*8 

1929-30 

Short 

233 

134 

90 

38*6 

67*2 

8*9 


Medum 

2,674 

1,606 

1,197 

44*8 

74-5 

21*6 


Long 

6,346 

2,923 

2,266 

42*3 

77*5 

26*6 

• 


i Total .. 

8,253 

4,663 

3.553 

431 

76*2 

24*5 



50 


The coefficient of variation in the percentage of fruit buds on individual 
canes reached a maximum of 34 per cent, in the 1928-29 season, and the 
differences shown between the three seasons 1927-28, 1928-29, 1929-30 
are all significant. The short canes are the least, and the long ones the most, 
fruitful, but as the proportion of buds which develop on medium length 
canes is greater than that on long canes, the former are the most suitable type. 
This feature is illustrated in column 5 of the table in which the number of 
fruit shoots as a percentage of the total buds is given. Koughly, 75-85 per 
cent, of the fruit shoots carry a single bunch, and the remainder two bunches. 
This proportion varies from season to season, and is an obvious factor in 
yield capacity. 

(ii) The Distribution of Fruit Buds. —An analysis of the distribution of 
the fruit shoots on long canes during two seasons is graphically illustrated 
in Charts 2 and 3, Fig. 1, Plate 1, where the number of fruit shoots is expressed 
as a percentage of the original number of buds present. 

The charts in Fig. 2, Plate 2, represent the number of fruit shoots on the 
three classes of canes as a percentage of the total number of shoots present. 
It may be assumed that these charts indicate the number of fruit buds as 
a percentage of the total number of buds. 

In each case, the proportion of fruit buds is very low at the basal node, 
and increases rapidly to the 4th or 5th node. From this point to the end 
of th(5 cane, a gradual increase or decrease is apparent. On the average 
for all canes, the percentage of fruit buds at the 6th and 7th nodes is the 
same in the three seasons 1927-28, 1928 -29, and 1929-30. The differences 
in the percentage of fruit buds formed in the three seasons is clearly shown 
to be due to a difference in the fertility of the buds along the distal half of 
the canes. The smaller percentage of fruit buds in 1928-29 is very largely 
due to a decrease in fertility in the buds towards the ends of the long canes 
in that year. Under such conditions, the use of a greater number of medium 
length canes would materially increase the yield capacity of the vines. 

5. The Differentiation of Fruit Buds in 1928-29. 

(i) The Structure of the Bud. —A transverse section near the apex of the 
bud (Fig. 1, Plate 2) illustrates the arrangement of its component structures. 
The rudimentary foliage leaves develop alternately from opposite sides of 
the axis. Each leaf (1) is accompanied by two stipular scales {sc) which stand 
face to face. Longitudinal sections may be cut in two directions—one 
passing along the plane in which the leaves are situated and the other in 
the plane at right angles to this. In the latter case no leaves are evident 
in a median section (Fig. 2, Plate 3). In the former case the foliage leaf 
rudiments are revealed, but only the cut edges of the scales are shown towards 
the top of the section (Fig. 3, Plate 3). 

The growth and development of the foliage leaf can be followed to a 
certain extent in a single bud. In Fig. 3, Plate 3, the alternate arrangement 
of the leaves on the axis is illustrated and various stages in growth of the leaf 
depicted. The youngest leaf (at 1) is narrow and pointed upwards. 

(ii) Initiation and Development of Inflorescence Anlagen. —Perolt* states 
that Muller-Thurgau (1892) and Behrens (1897) investigate the differentiation 
of the inflorescence primordia in the grape. It was noted that the initiation 
commenced in the oldest (basal) buds first and proceeded upwards to the 
distal buds of the shoot. In Europe, the differentiation commenced in the 
basal eyes for the first bunch about the middle of June and for the second 
bunch at the beginning of July. About the beginning of August, all the 


* Perolt, A. I. A Treatise on Viticulture, 1027. MacMillan and Co. 
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rudimentary inflorescences that can develop into bunches the next year 
have been formed. Development of the rudimentary inflorescences proceeds 
until October when the eye enters upon its winter rest. In the Western 
Province of the Cape, Perolt remarks, the corresponding dates are about 
the middle of November, beginning of December, beginning of January, and 
March. The growth of the grape in the Mildura district according to our 
observation is slightly in advance, by about two weeks, of that at the Cape. 

The first indication of the formation of an inflorescence primordium is 
the division of the apex into two more or less equal growing points (Fig. 4, 
Plate 3). The division indicated at ‘‘ p in this photomicrograph is the 
inflorescence initial whilst the apical tissue subtended by the leaf “ 1 ’’ becomes 
the new organic apex of the bud. The usual interpretation of this division 
is that the inflorescence primordium is formed from the original apex of the 
bud and is thus terminal in position whilst the new organic apex arises from 
a meristem formed in the axil of the youngest leaf, the growth being sympodial. 
It has, however, been pointed out by Goebel'*' that the tendrils of the vine 
which are phyletically derived from inflorescences “ are not formed as 
evident continuations of the internodes below them and then only gradually 
pushed to the side by the stronger growth of the uppermost axillary shoot, 
but that they either from the first have the leaf opposed position or that they 
proceed from the apex of the axis itself through its unequal division.’^ Our 
observations support this view. 

The configuration of the inflorescence primordium becomes characteristic 
almost immediately after its initiation, and i. easily distinguished fiom the 
leaf primordium (at ‘‘ p,” Fig. 5, Plate 3). Subsequent development results 
in a large structure, upon which numerous growing points develop, and which 
in late summer projects considerably beyond the organic apex of the bud. 

The first inflorescence primordium is usually formed opposite the 8th 
or 9th rudimentary leaf, and a second inflorescence, if present, opposite the 
10th or 11th. Owing to the fact that the basal nodes do not elongate when 
the bud bursts, the inflorescence usually appears to be situated at the 5th 
or 6th node on the shoot. 


(ii) The Time of Differentiation of the Inflorescence Primordia in 1928-29. 
—Differentiation of the primordia occurred in the basal buds first and 
progressed outwards along the shoot, the basal buds showing the first 
indication of inflorescence initiation about the 12th of November and the 
16th bud about the 11th Decemler. 

Although insufficient material was examined to determine definitely the 
time of differentiation in the basal buds, owing to the high percentage of 
wood buds in this region of the shoot, it is very probable that differentiation 
had occurred in the first and perhaps the second bud on average shoots by 
12th November, but no signs of differentiation were found prior to this date. 
Results show that the differentiation of the inflorescence primordia occurred 
in average shoots as follows :— 


In the 1st 
6th 
8th 
10th 
16th 


bud on 12th November (approx.), 
bud on 20th November. * 
bud on 28th November, 
bud on 5th December, 
bud on 11th December. 


The time therefore during which the buds, situated on that pait cf the 
shoot retained by the pruner, may differentiate as fruit buds is limited to a 


Ooebel. Organography of Plante. Part II., p. 435. 1905. Eng. Trane. Oxford. 
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period of approximately four weeks. It follows that this period is a critical 
one in so far as the proportion of fruit buds formed at this time governs the 
yield capacity of the vine in the following season. 
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St. John’s Wort in Australia. 

By y. Calvert^ MSc.^ Division of Plant Industry, 

The aiticle that follows deals mainly with the hotanical aspects of the 
St. John’s wort proliloin. As indicated hy Mr. Calvert, the Division of 
Econoinie Knioinoloi2;v is making an exhansiive study of the possibilities 
of controlling the w(‘ed hv insects. (See this .loiirnal 1 : 78, 1927. 

3 : 127, 189, 2;ii, lO.'U).) 

1. Intiodiiction 4. J'he IMunt. 

2. History of Inicslation in Australia. o. Biological Control. 

.‘1. Distrilmtion. 0. Chemical Control. 

1. Introduction. 

I be St. Jolm's wort ot Australia belongs to the genus IIijpvricurn, of 
tlu' richly developed family (Littiferao, whieli shows its most common 
distribution wltliin the tropical belt. JTypcrirum is the only genus of 
tile family which occurs extensively outside the tropics, whilst within the 
tropics it is conflried to high mouiitainoiis areas. It docs not penetrate 
to the Arctic ri^gions, nor to the high Alps, Within the tropics, the other 
r(‘preseritative.s of the family are almost all inhabitants of high rainfall 
arcuis, ITypcricum is more widely distributed than any other genus of 
the family, and possessi's over two hundred species. The tribe Enhyperi' 
cum occurs over tlu* whole of the northern hemisphere j Androsaemum 
occurs in tlie Mi'diterranean district and I*^^orth America; ^orysca 
ranges from Afri(*a, India, to Japan; and Brathys, from South America 
to Ifortli America and «Tapan. At present five species are recorded in 
Australifi, chiefly confined to the States of Victoria and New South 
Wales, viz.:— 

77. perforatum L., which is regarded as the St. John’s wort pest, 
()ccurs also in Europe, Northern and Western Asia, China, 
India, North Africa, and North America. 

77. androsaernnm Ij, (Tutsan), grows in abundance at Apollo Bay, 
in Victoria. It ranges from Europe to Western Asia, 
South Africa, and New Zealand. 

//. calycinum (large flowered St. Johifs wort), in Victoria. 
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H. graminvum For^t., in New South Wales, Victoria, and Queens¬ 
land, and also in Tasmania, New Zealand, and New Cale¬ 
donia. 

7/. japonicurn Thunh., in Victoria and Queensland, and also in 
New Zealand, Malay Archipelago, India, China, and 
Japan. 

A great number of species have become widedy distributed through a 
large part of the Mediterranean area, and a large part of North and 
South America, but it is apparently only in Australia that the plant 
has become a serious pest. Of recent years, however, it has increased 
rather alarmingly in one or two localities in Canada. 

It is suggested by Engler and Prantl, and by Eendle, that a factor 
in the wide distribution of this genus may be the carriage on the feet of 
birds of the small seeds, which arc produc(*d in large numbers. Winds 
also may have been a facior. 

2. History of Infestation in Australia. 

(i) Bright, Myrtleford, and Gippsland, —The original infestation is 
generally considered to have been caused by a German woman of Bright, 
who introduced it from her owm country during tlie gold-mining boom 
in the Ovens Valley. Apparently it esca 2 )ed from cultivation, and took 
complete possession of the old racecourse. This, in its turn, gave rise to 
the local name of racecourse weed.’^ So tliick did the weed beconn* on 
tho racecourse that when the racing season opeiied, a track had to be 
formed round the course by mowing. It was not long before the hill- 
slopes from Rarrietville to Myrtleford w(‘re strongly infested. Gold, at 
this time, was discovered at Wonnangatta and Grant, in Gippsland, on 
tho other side of the Dividing liange, and the miners of Bright, with 
their ])ack-horses carrying chalT, &:<*., trans])orted the weed seeds across 
the mountains, where it is now well (‘stablished. It occurs up the moun¬ 
tain side as far as the snow' line, but is reported as not always producing 
seed at such an altitude, and under such conditions. 

(ii) Turnhanutiha, New Sov/Ji Wa/cs. —The inf(*st{ition in this anai 
was initiated at, or near, the garden of the old McMicking homestead, 
at Mannus. There are two theories as to how^ it arrived there, viz.:— 
(a) from the Bright district, by a hawker, in the chaff for his horse; or 
(h) by im])ortation by a local family from England or Germany, either 
intentionally as a decorative plant, or accidentally with decorative plants, 
for the garden surrounding the family burying ground. 

It was first observed about 1899, but no alarm was fell, for the rate 
of spread was slow, and the station, at this time, was devoted chiefly to 
sheep. The New South Wales Government purchased the McMicking 
estate as a soldiers’ settlement area, about August, 1926, and with the 
commencement of cultivation and dairying, the weed spread rapidly. 

3. Distribution. 

The weed ranges in Victoria, southwards up the valleys from Bright, 
into the Victorian Alps, and across the mountains to the headwaters of 
the Gippsland rivers; northwards, it passes Beechworth and Wangaratta, 
and has crossed the Murray Eiver near Albury into New South Wales. 
In the latter State, some » 3,500 acres in the Mannus district of Tum- 
barumba, are heavily infested, whilst about another 3,000 acres further 
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afield are less heavily infested. The infestation is also dense in the 
shires of Cudgegong, Crookwell, Gadara, Canabolas, Eylstone, Tumba- 
rumba, and Blaxland, and scattered and light in the shires of Holbrook, 
Muswellbrook, Culcairn, Lyndhurst, Adjungbilly, and Dalgety. A tran¬ 
sect was made at Tumbarumba, and Fig. 2, Plate 4, shows the result. It 
can be seen that a pure stand of St. John’s wort occurs at the base of 
the transect, and merges into a pure stand of bracken on ascending the 
hill. Patches of the wort occur in the bracken. The absence of areas 
of bracken in the St. John’s wort, and the presence of dead bracken 
plants would indicate fairly definitely that the wort is invading the 
bracken area. In South Australia, the areas affected are Coromandel 
Valley to Bridgewater (1,300-1,600 acres). Port Lincoln (50-60 acres), 
and Clare, Yankalilla, and Birdwood. In Tasmania it occurs at Scotts¬ 
dale, and possibly at other places. 

Some idea of the rate of increase of the weed can be obtained from 
the figures in the followiner table, but it should be borne in mind that 
the plant is a perennial, and retains its ground from year to year, except 
Avhere determined measures have been taken to eradicate it:— 


♦ 

Areas of Infestation in Victoria at Different Periods. 


Y»*nr 

Acres 

Total. 

Crown Land 

Private Prop“rlv 

1880 


1 

1 

1902 

2,910 

5,639 

8,549 

1905 

4,000 

6,210 

10,210 

1910 

156,000 

28,000 

184,000 

1931 

i 



244,519 


(Figures up to 1916 taken from an abstract by W. B. Alexander, of the 
former Advisory Council of Science and Industry in 1917.) 


4. The Plant. 

(i) Short Descriptioro: —St. John’s wort is a branched perennial 
with a creeping rootstock, which is very fragile, and has deep penetrating 
roots. It grows stifily upright, reaching 2 feet or more in height; the 
leaves are about half an inch long, elliptical or linear-oblong, opposite 
and sessile, and have pellucid dots. Their arrangement causes the stem 
t."' appear to perforate ” them, hence the specific name. The flowers 
are bright yellow in colour, and about 1 inch in diameter, and are 
clustered in cymes. The petals are dotted with black, and are twice 
the length of the lanceolate sepals. The number of long yellow stamens 
is a feature of the flower. The numerous seeds are contained in capsules. 
During the winter the seed capsules are borne on the dead brown stalks, 
while a fresh prostrate matted growth is developed, to the exclusion of 
other vegetation. 

(ii) Botanical Classification ,—^When dealing with a plant which is 
suspected of having toxic properties, or which is a noxious weed, possibly 
subject to biological control, it is important to know the correct botanical 
classification. In the year 1928, Sir Arthur Hill, Director of the Eoyal 
Botanic Gardens, Kew, pointed out to the Council that he was very 
interested in the work on Hypericum perforatum L., and stated that he 
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was not at all sure as to the form of //. perforatum which had been 
introduced into Australia. He, therefore, asked for specimens to be sent 
to him to enable a correct identification to bo made. As a result, speci¬ 
mens were sent from New South Wales, Victoria, and South Australia. 
Subsequently, he drew attention to the article in the CounciFs Journal 
by Seddon and Belschner (1929), which dealt with the poisoning effects 
of St. John’s wort, and this time asked for specific specimens of the weed 
with which these experiments w'ere made. It is now accepted that the 
plants tested belong to the continental form known as Hypericum per¬ 
foratum L. var. augustifolium D.C. Other material forwarded to Kew 
more recently has also been so identified. 

(iii) Method of Spread, —It has been mentioned previously that the 
plant produce.s a prolific number of small seeds, which may adhere to 
the feet of birds. The seeds are contained in a sticky capsule, which may 
also adhere to the coat of horses, cattle, sheep, rabbits, &c. Seeds are 
also said to be capable of passing through the alimentary canal without 
losing their germinating power. Fodder was the medium for transport 
across the Victorian Alps. Wind, floods, and ants also play a part in 
the dispersal. The plant itself is a perennial, Avith creeping rootstocks, 
which grow out from the parent plant, and at intervals a shoot appears, 
Avhich forms a new plant. It is this particular method of propagation 
and growth that gives rise to consolidation of the pest in areas infested. 

(iv) Effect on Stock, —Photo-sensitization of the unpigmented sur¬ 
faces of the body of stock, &c., which eat St. John’s wort has been 
recorded in several parts of Australia, and by different observers. 
Seddon and White, 1927-2S, during experiments on the toxic principle of 
this weed, found that sensitization is induced by feeding it to sheep, or 
by the subcutaneous injection of the juices. Sheep suffering from an 
acute phase of photo-sensitization and dermatitis exhibit hyperpyrexia. 
In the district of Tumbarumba, 240 merinos grazing on St. John’s Avort 
country suffered from hyper-sensitivity and dermatitis, and after tAVO 
months 40 were dead. On being put on clean country, the remainder 
recovered in about six months. Dodds (1920) states that, as well as the 
skin affection, an influence is exerted on the central nervous system, 
usually causing great mental depression, but at times the very reverse 
effect takes place, i.e., excitement, almost approaching mania. Henry 
(1922) also reports photo-sensitization, &c., from some feeding experi¬ 
ments on cattle and sheep, and Seddon and Belschner (1929) found by 
feeding the young immature plant to sheep that ingestion caused the 
usual type of dermatitis from photo-sensitization. 

5. Biological Control. 

(i) By Oth^.r Plants, — (a) Pinus radiata (insignis), —The original 
infestation on the old racecourse at Bright is now clean land, under a 
good stand of Pinus radiata {insignis) planted by the Forestry Commis¬ 
sion in 1916. At one or two places in the plantation, a tree has been 
felled or a firebreak or clearing has been made, which enables the 
sunlight to penetrate directly to the ground, and in these places the weed 
is to be found groAving, although it is somewhat etiolated and, as far as 
can be ascertained, develops few seeds as compared with the normal 
plant. The length of time a seed lying in the soil retains its viability 
is not known. In the country around Tumbarumba, New South Wales, 
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pine plantations are also being grown. However, control measures are 
desired which will keep the pest from spreading along the fertile pastures 
of the Murray River valley. 

(b) Subterranean Clover ,—Due to its dense covering growth, this 
plant has been suggested for use in choking out the weed. Individual 
plants of Trifolium subterranean will possibly cover the whole of a 
circle 6 feet in diameter, whilst a good stand of plants will cover the 
whole land with a dense mass of growth from 12 inches to 20 inches 
in height. 

(ii) By insects ,—The possibility of control by insect enemies of St. 
John^s wort is being exhaustively studied by officers of the Division of 
Economic Entomology. 


6. Chemical Control. 

(i) Common Salt ,—French (1904-5) conducted experiments with a 
variety of chemicals, and indicated that the treatment wnfh salt was the 
most satisfactory of tliose used. Pammel, King et al, of Lowa, in their 
comprehensive bulletin, recommend the use of salt. 

Control by salting is practised by the Victorian Department of Agri¬ 
culture, at Myrtleford, and some success is achieved, though it is an 
expensive method. The first object of the authorities in this district 
was to clear the stock routes, and at all costs, to prcwent further wide¬ 
spread distribution of the weed. A zone or strip, 12 yards Avide, Avas 
moAved before the plant came into fioAver. The following year, a further 
12-yard zone Avas moAved, Avhilst salt AA'as sprc^ad on the previous year’s 
zone at the rate of about six tons to the acn*. Thus each year, a iicav 12- 
yard zone is moAved, and the area of the previous year’s mowing is salted. 
In this way, the Aveed is being gradually pushed up the hill slopes aAvay 
from the stock routes. Salt costs €1 i7s. per ton olT rail, and cartage, 
varying from 5s. to £3 per ton, according to distance and elevation, makes 
the total cost of control betAAwn £20 and £30 per acre, inclusive of 
labour. 

(ii) Chlorates —-As a result of rec(*nt work, chlorates are ra])idly 
becoming rec'Ognized as of the greatest value in the destruction of AA^eeds. 
The earliest record of their use as a herbicide, according to the literature 
available to the author, dates from 1901, when potassium chlorate* Avas 
applied to prickly pear in Queensland, but the results obtained then 
seem to have been unsatisfactory. It is only during the last decade, how- 
ev(‘r, that the nso, of chlorates has been revived, and noAv they are being 
tested quite extensiA^ely. The new experiments seem to haAU^ been begun 
in France by Lover (1923), and in the course of reporting the results 
of his experiments he mentions the fact that Rabate recommends the 
application of 250 kilograms of sodium chlorate per hectare, in a 2 per 
cent, solution, for the destruction of all vegetation in garden paths, &c. 
Loyer used a 1 per cent, solution of ammonium chlorate for the destruc¬ 
tion of annual weeds in grain crops, adding that an application of 25 
kilognims per hectare Avill not injure the grain. 

As a result of Danish experiments in 1925, a 5 per cent, solution of 
sodium chlorate, applied at the rate of 6,000 to 8,000 litres per hectare, 
was recommended for eradicating all weeds on garden paths, &c., and a 
1.5 to 2 per cent, solution, at the rate of 1,000 litres per hectare for 
annual weeds in grain crops. Korsmo (1925, 1927) reports an applica¬ 
tion of a 5 per cent, solution of sodium chlorate, at the rate of 1 litre 
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per square metre, killing eleven speeies of perennial weeds, including 
Canada thistle. Eight other ])erennials, including quack grass, Agro- 
2 >i/ron repp>m (L.) Jieauv., were not killed by a single application. 
Feilitzen (1925) also recoinmends the 5 per cent, solution, at a litre per 
square metre, for all vegetation on tennis courts, &c. Ashinder (1925) 
used dilute solutions of sodium and potassium chlorate for the eradica¬ 
tion of annual weeds in grain crops, and they were found to injure the 
grain almost as much as the weeds. 

Latshaw, W. L., and Zahnley, J. W. (1927), considered the efforts to 
control the perennial field bindweed ((Umvolvulus arvensls L.) with 
sodium clilorato (12.5 per cent.) spray applied after the full bloom 
period gave most promising results. The same authors, in 1928, sug- 
gested the use of magnesium and calcium chlorate in place of sodium 
chlorate, since these do not present the same fire hazard as that 
encountered with the latter. 

Hansen, A. (1928), reported satisfactory results when heavy applica¬ 
tions of sodium chlorate were sprinkled in water solution over mowed 
areas of quack grass. In 1929, he reported sodium chlorate as effective 
on perennial weeds in Indiana, when applied in tliree successive applica¬ 
tions of 1J lb. each per square rod. 

Th(* attention of Deem (1930), in ^N^ew Zealand, wuis directed to 
the use of chlorate by the work done in the United States in the control 
of bindweeds. Reports received about that time from the Victorian 
Railways Department, wdiich was testing calcium chlorate, w^ere so 
favourable that it was decided to give both chlorates a trial. De(*in 
(1930), in his experiments with these chemicals, found that either of 
them could be used in the control of St. John^s wort, ragwort, penny¬ 
royal, ox-eye daisy, and other soft w^eeds, a 100 per cent, kill being 
reported. In the control of ragwort, when used at strengths not greater 
than 5 per cent., there is only slight burning of the pastures, and they 
rapidly recover, although the ragwort is effectively controlled. Stronger 
solutions (20 per cent.) pioduce more burning, and the pastures take 
longer to recover. Chlorates are used by the South Australian Depart¬ 
ment of Agriculture, at the rate of 100 lb. of sodium chlorate in water 
to mjike 100 gallons of solution. 

Some accidents have been reported in the use of chlorates, due to 
their combustible nature on drying, but precautions are now being taken 
against these by the admixture of the deliquescent calcium chloride, 
which is sufficiently attractive to moisture to reduce the danger of fire 
to a very marked extent. 
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Timber Utilization Studies. 

An Investigation of Certain Australian Hardwoods for 
use in Rollers, Bobbins, &c. 


By H. £. Dadswell, MSc. 

A matter of considerable importance to the Australian timber in¬ 
dustry is the utilization of local timbers to replace imported species 
which are used for definite purposes. To enable such a replacement 
to be made satisfactorily, however, it is necessary to obtain timbers 
closely related both in structure and properties to the imported species. 
This, in its turn, cannot be done unless extensive information regarding 
the structure of the local material is available. To obtain that in¬ 
formation is one of the objects of the Wood Structure Section of the 
Division of Forest Products. The Section has already completed some 
work with a view to determining suitable Australian timbers for use 
in rollers, bobbins, fee. 

At the present time the timber used especially for this purpose is 
alder (Ainas spp.), a timber that has to be imported either from 
North America or Europe. The species common in the United States 
and Canada is red alder (AInns rvhria) while that common in Plurope 
is black alder (Afniu^ ghdinosa). The timber of this genus is generally 
used in turnery, the manufacture of bobbins, common toys, foundry 
patterns, wooden ware, dug out canoes, &c. Tlie wood is recorded as 
being compact, close grained, and brittle, yet easily worked. It seasons 
readily, turns and carves well. 

The wood from this species is classed as difiuse porous, the pores 
being barely visible without a lens. The annual rings are plainly 
visible; some large; rays are present similar to those in oak, but these 
are not numerous. The small rays arc quite numerous and incon¬ 
spicuous on the longitudinal faces. Microscopic examination shows 
that the pores are very small, are septate and numerous (see Plate 5, 
Fig. 1). The rays are quite numerous and are mostly uniseriate (one 
cell wide). In the heartwood, these rays contain a definite coloured 
extraneous material. The pores and wood fibres, when seen on a trans¬ 
verse section, are thin walled throughout the greater part of the growth 
ring, with the exception of several layers of cells at the end of the 
season^s growth. Wood parenchyma is present, and is diffuse and 
scattered. It contains a certain amount of extraneous material. 

On the basis of this knowledge, several Australian timbers were 
examined and their structure and properties compared with those of 
this species. The timbers in which a definite similarity was noticeable 
were myrtle (Nothofagus cunninghamii) and sassafras (Atherosper- 
mum moschatum), as well as the introduced willow (Salix spp.). 

Microscopically, the myrtle and sassafras appear very similar in 
structure to the alder (see Plate 5, Figs. 2 and 3). The cell walls, how¬ 
ever, are thicker, and this is the reason for the greater density of these 
species. The pores are septate, of approximately the same size, and 
as numerous. The rays are nearly as numerous, but slightly larger, 
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being two cells wide (biseriate), in comparison to the uniseriate rays 
of the alder. Willow is also quite similar to the alder in structure, but 
is possibly somewhat light and too soft to replace this species in use. 

Myrtle has physical properties decidedly similar to those of alder. 
Tt works well, does not fur,” and turns exceedingly well. Being some¬ 
what denser, it is used in flooring, decking, and wooden tram rails. 
It is also used in tool handles, shoe lasts, shoe heels, turnery, cooperage, 
&c. It seasons more slowly than alder. 

Sassafras is also somewhat denser than alder, and is used in turnery, 
carving, pattern making, and the manufacture of small domestic 
articles. 

On the basis of both use properties and structure, it seems that 
these species could be very well utilized to replace alder in rollers. At 
best, they are well worth a trial in this respect. 
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(Fruit Bud Studies: 1, The Sultana. See page 47.) 


PLATE 2. 
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PLATE 3. 


(Fruit Bud Studk's : 1, The Sultana. See jmge 47.) 



Fig. 1. — Transverse section of bud near apex. Foliage leaves at “ 1 ” and stipular 
scales at “ se.” Fig. 2. — A median longitudinal section of a bud, cut along the plane 
at right angles to that in which the leaves are located. Fio. 3.—A median 
longitudinal section of the IHth bud, 28th November. This section is cut along 
the plane in which the foliage leaves are situated. The youngest leaf is shown at “ 1.” 
liG. 4. A section of the seventh bud, 2()th November, showing an unequal division of 
the apex. Inflorescence initial at “ p.” Fig. 5.— The sixteenth bud, 11th December, 

showing the young inflorescence primordium at “ p ” opposite the leaf “ 1.” Fig. 6._ 

Seventh bud, 11th December, primordium at “ p.” 




PLATE 4. 


(St. Join’s Wort in Australia. Seo page 52.) 



Fro. 1.—Showing the density of growth and height of St. John’s Wort in a 
badly infested area. 

Photograph hy G. .1. Currie, 



Fio. 2.—Illustration of the density of St. John’s wort (shaded) and bracken 
(unshaded) in relation to elevation on a transect in the Tumbarumba district, 
New South Wales. AB = BC = CD = DE = 50 metres. 








PLATE 5. 


(Timber Utilization Studies: An Investigation of Certain Australian 
Hardwoods for Use in Roll<*rs, Bobbins, <fec. See page 59.) 




Fig. 2.—Cross section of sassafras 
(Aiherofipermum moschahun) X 36. 


Fig. 3.—Cro.ss section of myrtle 
{Nothofagns cunninghnmii) X 3*6. 

















PLATE 6. 


(The Better Design of J{<)x<!s. S(-e iwge ()«.) 



The new Box-testing Drum of the Division of Forest I’rodiiets. 
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NOTES. 

The Council’s Recently Established Section of Food Preservation 

and Transport. 

Although the Council has long had in nidnd serious concentration 
on the problems of the preservation and transport of foodstuffs, owing 
chieffy to the lack of funds and suitably train(*d investigators, it had 
to postpone the formation of a suitable research organization in this 
field until last year. Jn the nieantime, isolated yet valuable investiga¬ 
tions on such problems as the prevention of drip from thawed beef, the 
transport and maturation of bananas, and the storage and transport of 
oranges were initiated. The lack of investigators experienced in this 
branch of applied science was met by appointing several young graduates 
to bo trained overseas and finan(*,ed by the Science and Industry En¬ 
dowment Fund. The return of thrc^ traine(‘s last year corresponded 
with the economic crisis, and the Council was unable, therefore, to 
proceed with its original plan for the creation of a separate Division 
for research on Food Preservation and Transport. Following tentative 
outsid(* offers to provide laboratories for tliis type of work and a report 
by Dr. J. R. Vickery embodying the chief problems of preservation 
and transport of perishable foodstuffs in Australia and a suggested 
organization to meet current requirements and limitations*, in August 
last the Council established a small Section of Food Preservation to 
study problems concerning meat, fish, and tropical and non-tropical 
fruit. Dr. W. J. Young will continue to act as the Council’s Adviser 
in food preservation matters, and Dr. J. li. Vickery has been appointed 
ofiicer-in-charge of the Section. The staff will consist initially of an 
engineer to study transport problems (Mr. N. E. Holmes, B.E.E.), a 
plant physiologist for work on non-trox)ieal fruits (Dr. 8. A. Trout), 
a biochemist working on the maturation of bananas (Mr. E. W. Hicks, 
B.Sc.), and a biochemist studying problems of meat preservation (Mr. 
W. Empey, B.V.Sc.). 

A survey has shown that it will be possible to carry out all the 
investigations likely to be required for many years to come in labora¬ 
tories situated in Brisbane and Melbourne. Owing to a generous offer 
by the Queensland Government made through flu* Queensland Meat 
Industry Board, the Brisbane laboratory, where problems connected 
with meat and tropical fruits will be studied, will shortly be erected 
at the Meat Industry Board’s works. Cannon Hill. The investigations 
likely to be carried out during the first few years of operation of the 
Brisbane laboratories will include a study of the chilling of beef with 
a view to its export from Queensland to Europe, and investigation of 
the freezing, storage and thawing of edible offal and possibly also of 
bacon pigs with a view to their being utilized abroad for the manu¬ 
facture of hams and bacon. Tho transport of tropical fruits from 
Onecnsland to the Southern States also constitutes a problem to be 
studied in Brisbane. A provisional agreement for co-operative research 
work with the Victorian Department of Agriculture, which has labora¬ 
tories and experimental cool chambers at its Victoria Dock Cool Stores, 
will provide for the problems in the storage and transport of non- 
tropical fruit. The initial experiments, on the ripening of pears. 


* This rdport has boen published aa the CounrH’s Pamphlet 23. 
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carried out under this agreement have already been commenced. Nego¬ 
tiations for further co-operative work are now in progress with a view 
to the initiation of work on a programme of research work which in¬ 
cludes a study of the orchard and storage conditions affecting the 
keeping quality of the leading varieties of apples exported from the 
Southern States, storage experiments on passion fruit, and the gas- 
storage of peaches and plums. 

The experiments on the storage and transport of oranges will be 
continued under the auspices of the Council’s Citrus Preservation Com¬ 
mittee with which the Section of Food Preservation will co-operate. 


Quick Frozen Carton Meat. 

Ill the Council’s Journal for August, 1931 (Vol. 4, pp. 100-106), 
an article by Dr. J. R. Vickery w^as published giving a short account 
of the methods adopted in the United States of America for the quick 
freezing of packaged meat. The writer pointed out that several meat 
packing firms in that country, stimulated by the commercial success of 
quick frozen fillets of fish, were producing quick frozen cuts of meat 
on a fairly considerable scale. lie indicated, however, that in connexion 
with the possible application of these methods to the export of quick 
frozen carton meat from Australia, there were certain real difficulties 
both of a technical and commercial nature. 

The Council has recently obtained the opinions on this matter of 
several persons in Australia engaged in the meat export trade. Several 
of the more important meat companies in Australia have been closely 
watching for some time past developments in quick freezing, and some 
of them have already carried out tests on certain of the processes, 
while others have inspected products treated by various processes. The 
opinions expressed by those whom the Council have consulted indicate 
that there is little likelihood of the development, at any rate in the 
near future, of an Australian export trade in quick frozen carton meat. 
Some of the chief difficulties in the way of such a development as in¬ 
dicated by those whom the Council has consulted, may be summarized 
briefly as follows :— 

1. Maintenance of Proper Temperatures .—Meat treated by quicK 
freezing processes would leave the freezing works at a temperature of 
about -10°F, and would have to be stored during transport on board 
ship at about O ^F. The shipping companies are not at present able, 
for the most part, to grant facilities for cold chambers at so low a 
temperature, and they would probably be unable to do so without sub¬ 
stantial increases in their freight charges. Moreover, the necessary 
alterations in the present methods in Australia so as to operate quick 
freezing ” would necessitate the expenditure of a large amjount of 
capital in order to make existing plants efficient at the lower tem¬ 
perature. Such expenditure would not be justified before definite 
proof could be given that financial benefit would result. 

2. Commercial Difficulties ^—^As quick freezing processes have so 
far been applied sucessfully only to small pieces of meat (not exceeding 
about 6 lbs. in weight) from the best cuts, a premium would be placed 
on these cuts, and it would be difiicult to find a profitable method of dis¬ 
posing of the cheaper cuts. The treatment would be too expensive, 
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and the loss in carcasses too great to enable a profit to be made. The 
process is not likely to be commercially practicable so far as the Aus¬ 
tralian export trade is concerned, until it can be applied economically 
to larger pieces of meat than at present. The margin of profit in 
freezing works is small, and the meat companies are not likely to in¬ 
crease their costs in the installation and operation of new plants until 
they are assured of better returns than they receive at present. 

3. Retail Diffimlties .—In addition, there would be serious difficul¬ 
ties with respect to retail arrangements in Great Britain. In the first 
place, changes would be necessary in existing methods of transport in 
order to ensure satisfactory delivery. The facilities at present available 
on the railways in Great Britain would be inadequate to ensure that 
the rapidly frozen products could be delivered satisfactorily and kept 
at the proper constant temperatures. Mechanically refrigerated vans 
for the delivery of these cuts from the central cold stores to the cold 
cabinets in the retailers’ shops would have to be provided. Cold storage 
cabinets would have to be installed by retailers, and would have to be 
maintained at a temperature of not more than 15 These cabinets 
would probably not pay if used for the sale of meat only, and it would 
be necessary to work up a trade also in quick frozen fish, fruit and vege¬ 
tables. This would all add considerably to the cost of distribution, 
and this extra cost could be met only if the public could be persuaded 
to pay a higher price for the carton meat. There is a further difficulty 
that the meat works in Australia are opened only during certain months 
of the year, and it would be impracticable to arrange for regular sup¬ 
plies of quick frozen meat to be exported throughout the year. 


Designs for Banana Ripening Rooms. 

A report dealing with co-operative investigations into the ripening 
and transport of bananas will shortly be issued as the Council’s Bulletin 
59. The investigations themselves were carried out in co-operation 
with the Committee of Direction of Fruit Marketing, Queensland, with 
the Universities of Queensland and Melbourne, and with the Eailway 
Commissioners of Queensland, New South Wales and Victoria. Sub¬ 
sequent to the completion of the investigations, the Council’s Section 
of Food Preservation and Transport has prepared detailed designs for 
rooms suited for the satisfactory ripening of bananas in Melbourne, 
Sydney and Brisbane. 

These designs are based on the results of the above-mentioned co¬ 
operative investigations. Calculations for such rooms have shown that 
the external atmospheric temperature is a relatively unimportant factor 
in the determination of the amount of heat to be removed from the 
roomis, the important factors being the heat produced by, and the 
evaporation from, the bananas. From considerations of the necessity 
of mhintaining at all times reasonably constant and uniform tempera¬ 
tures within the rooms, the application of refrigeration has been recom¬ 
mended in the designs under discussion. The various systems of re¬ 
frigeration have also been examined and the possibility of automatic 
control of each system considered. A full description of the designs, 
with a sketch of the suggested ripening room, may be obtained by 
anyone interested on application to the Council. 
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The Poisoning of Cattle by Eating Saw-fly Larvae.-—Investigation by 
Queensland Department of Agriculture. 

Of recent years a rather peculiar problem has arisen over some 
hundreds of square miles in the Maranoa, Warrego, and Leichhardt 
districts of Queensland owing to the local cattle having a very marked 
appetite for the larvae of the saw-fly {Fierygoi)horus analis Costa). 
These larvae or so-called “ caterpillars ” feed in millions on the leaves 
of the broad loaf ironbark {Eucalyptus melanophloia F.v.M.). Subse¬ 
quently, whether owing to ovei‘-population or to extreme heat in the 
defoliated trees, they leave the branches and cluster round the base 
of the main stems, where they die and putrefy in masses, which are 
often as much as 1 foot deep. Then they are ravenously eaten by 
cattle, with the result that many hundreds of the beasts die after 
showing symptoms such as irritability and other suggestions of toxin 
poisoning. The problem has been referied to the (Council from time 
to time, but no investigations were initiated by the Council owing to 
the fact that the matter was under investigation by the Queensland 
Department of Agriculture. The results of the Department’s work 
have recently been reported at length in the Queensland Agricultural 
Journal (Vol. 37, p. 41, January, 1932). As the matter may *be of 
rather wide interest, the following note based on that article has been 
prepared:— 

The cause of the deaths of the cattle is believed to be a toxin 
elaborated in the decaying masses of larvae and similar in nature to 
a ptomaine. The great increase in the number of larvae in recent 
years is possibly connected with the decrease in the number of opossums, 
which have been trapped and shot for their furs to a very considerable 
extent. An interesting point is that the consumption of living larvae 
either by cattle or opossums api)arently leads to no harm. Opossums, 
for instance, consume a very large number of eggs and larvae at all 
stages with their normal diet, namely, the leaves of eucalypts. 

The article discusses the reasons for the abnornial appetite of the 
cattle in the infected areas, and points out that it is probably due to 
their diet being defleient in some substan(*e. From th(3 resemblance of 
the symptoms to those of South African lambsiekte, it is considered 
that a phosphorus deficiency may exist. As a contiol measure a lick 
containing phosphorus either in the form of bone meal or ground 
rock phosphate has accordingly bt'en suggested. Already some evidence 
of the efficacy of such a lick, to which common salt is also added, lias 
been obtained. 


Liberation of Insects to Control Oak Scale in Tasmania. 

Scale insects have recently become somewhat troublesome to oak trees 
in Tasmania. The problem was mentioned to the Chief of the Division 
of Economic Entomology, Dr. Tillyard, a little time ago, and at his 
suggestion the permission of the Commonwealth Department of Health 
has now been obtained for the liberation in Tasmania of a small Chalcid 
wasp, Hahrolepis dalmanni, which feeds solely on the scale and dies 
out when that pest is eliminated. 

Hahrolepis dalmanni is metallic green in colour, of very handsome 
appearance, and about 2 mm. long. The female is provided with a 
large and powerful ovipositor which it uses to prise up the tests of 
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Golden Oak Scale in Mu, and by this means succeeds in depositing her 
eggs in the scales. The young larva hatches out inside the scale and 
devours it, pupating beneath the test. 

The insect, like its host scale, is very rare in Europe, apparently 
owing to its efficacy in controlling its host, which is also regarded as 
u very rare insect indeed in England and various Continental countries. 
The planting of British oaks around Boston, United States of America, 
however, was the occasion of an accidental introduction of Oak Scale, 
which became a bad infestation, but later on the parasite Habrolepis 
also appeared on the same trees, and is now effectively controlling the 
outbreak. Some years ago Dr. Tillyard was responsible for the intro- 
duction of Habrolepis into New Zealand, where it also is doing good 
work. 

The material which it is proposed to liberate in Tasmania is, as 
a matter of fact, being sent to Australia by the Cawthron Institute 
at Nelson, N.Z. The first consignment has already been sent to Laun¬ 
ceston, but unfortunately most of the insects had emerged on the way 
down. A second consignment will be sent later. 


The Cause of Caseous Lymphadenitis in Australia. 

Note by 11. R. Carne, B.V.Sc., Lecturer in Veterinary Pathology and 
Bacteriology, University of Sydney; and R. C. Cramp, B.V.Sc., 
Veterinary Ojjicer, Metropolitan Meat Industry Board, Sydney. 
{From the Pathology Department, McMasier Animal Health 
Laboratory.) 

Earlier investigations of caseous lymphadenitis in Australian sheep 
have indicated that the common cause of this disease in Australian 
sheep is the bacillus of Preisz-Nocard (or, according to more modern 
nomenclature, Cory neb acterium ovis), A number of European investi¬ 
gators have recorded the occurrence of lesions which were identical 
in their macroscopic appearance with those of caseous lymphadenitis, 
due to the bacillus of Preisz-Nocard, but which were caused by other 
types of bacteria. Thus, Bacillus iryogenes. Staphylococci, Diplococci, 
and Bacterium purifaciens have been found responsible for caseous 
lymphadenitis of European sheep. A rficent report from South America 
records the simultaneous presence of the bacillus of Preisz-Nocard and 
Bacillus pyogenes in caseous lesions of lymph glands of sheep in South 
America. 

In the comprehensive study of this disease being undertaken in 
Australia, it was recognized that it was important to determine to 
what e^ent bacteria other than the bacillus of Preisz-Nocard were 
responsible for lesions of caseous lymphadenitis. To this end during 
the years 1927, 1928, 1929, some 160 lesions from various lymphatic 
glands and internal organs of sheep have been submitted to bacterio¬ 
logical examination, which included direct microscopical examination 
of pus, cultural tests in aerobic and anaerobic media, and histological 
examination of lesions. All lesions except two (which were found to 
be sterile) contained the bacillus of Preisz-Nocard in pure culture. 

It is concluded that caseous lymphadenitis of sheep in Australia is 
caused by pure infections with the bacillus of Preisz-Nocard, and that 
other bacteria which have been described as the cause of tMs disease 
in other countries occur but rarely, if at all, in Australian sheen 
0.346.—8 
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These results narrow the problem considerably, for if a number of 
bacteria were responsible for this disease, it is possible that control 
of the disease might have necessitated separate measures against each 
of the causal bacteria. 


Notes on Preliminary Tests on Certain Wheats and Oats. 

By A. McTaygart, Senior Plant Introduction Officer, Division of 

Plant Industry, 

During April, 1031, a comprehensive test of some 326 wheats, from 
various parts of the world, was set up. The wheats, after being weighed 
out into equal weiglits and treated with copper carbonate dust, were 
seeded in rows 25 links long, the rows being 2 links apart. Each variety 
or strain was seeded, in practically all cases, six times, the various repli¬ 
cates being distributed over the range (or area) in accordance with 
Fisher’s Randomized Plot Method of testing varieties of farm crops. 
The soil on which the wheats were grown was for the most part poor, the 
greater portion consisting of clay loam, markedly deficient in organic 
matter. One end of the range, or a fourth of the area, however, consisted 
of somewhat better class soil—a reddisli clay loam. Included in the test 
were some six varieties of Australian wheats, which were used to serve as 
checks in the testing of th<? imported varieties and strains. The highest 
yi(‘lding wheats of the test are listed, and briefly described below in the 
order of their average estimated yields per acre. 
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The higheat yield per individual row was that of C.P.I. No. 1107 
(C.l. 8173, a(*loct5oii from a wheat introduced into the United States 
of America from Chile). This individual row yielded at the rate of 
74.29 bushels per acre. A specially favourable strip of soil, however, 
may have contributed appreciably toward the production of this high 
yield. 


Oaf Yields for Year 1931-32. 

Some eighteen varieties Avere tested in rows 25 links long and 2 links 
apart. There were six s(‘edings of each variety. The* following shoAVS 
the results for the six leading varieties:— 
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The soil in which tlieso outs Avere groAvn was uniformly poor. All 
rows, of both oats and AvlK‘at, Avere inter-cultivated once—to check weeds. 


New Grasses. 

Eeferenccs have recently appeared in Australian and Ngav Zealand 
newspapers to Woolly Finger Grass and Crested Wheat Grass as being 
Avorthy of trial in Australia. The Council desires it to be known that 
various strains of these grasses, among many others, have been intro¬ 
duced, and are being tested by the Plant Introduction Section of the 
Division of Plant Industry. The first-named grass was introduced from 
South Africa, where some 85 different strains or types are found. It is 
adapted to regions Avith warm climates and summer rainfalls. The 
second grass (Crested Wheat Grass) was introduced from Canada, 
whence it came from the Avestern portion of the United States. The 
grass was originally introduced from south-western Asia, by the Office of 
Foreign Plant Introduction of the United States Department of Agri¬ 
culture. It is adapted to regions AArith severe AAdnters and relatively low 
annual rainfalls, which occur for the most part during the cooler seasous 
of the year. 
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The Better Design of Boxes.—The New Box-testing Drum of the 
Division of Forest Products. 

In an endeavour to reduce the very considerable economic loss that 
occurs in Australia because of faulty and wasteful containers, the Divi¬ 
sion of Forest Products is about to undertake an investigation into the 
design of boxes and crates. Some idea of the importance of this work, 
and the scope for possible savings, may be gathered from the fact that 
Australia annually exports from 10 to 15 million boxes of commodities, 
such as butter, eggs, fruit (fresh, dried, and preserved), tinned meat, 
&c., in addition to which well over 50,000,000 containers per annum are 
required for domestic use. Thus, it will be seen that if even small 
savings could be made in the cost of the containers, important benefits 
would accrue to some of Australia's most important primary industries. 
Improvement in box and crate design, with the consequent reduction in 
loss due to damage to goods in transit is also of great importance to the 
railways, and to all industries making use of containers for shipping 
their goods. 

The most practical method yet devised for this work is the revolving 
drum test, which was developed by the United States Forest Products 
Laboratory, and which is now used in investigations of this nature all 
over the world. A standard box testing drum (see Plate 6, Fig. 1) has 
recently been installed by the Division at its laboratories at Albert-street. 
East Melbourne. The drum, which was built by the Division's own 
staff, entirely of Australian material, is a hexagonal-sided machine, seven 
feet in diameter. When tests are being made, the drum is revolved 
slowly, at the rate of two revolutions per minute. Upon the six internal 
faces, hazards and guides are arranged in such a manner that, as the 
drum revolves, the box or crate slides and falls, striking on its ends, 
sides, top, bottom, edges, and corners, thus simulating the stresses, shocks, 
and rough handling of actual transportation. On one face of the drum 
is a projection upon which the container falls, to encounter a puncture 
hazard similar to that undergone by a box upon which another has 
dropped cornerwise. 

For this method of testing, the box is loaded with its contents, or a 
substitute that produces the same effect, and the six faces, the cleats (if 
any), and the edges are numbered to facilitate recording the location and 
character of the failures as they occur. As the container moves on from 
one drop to the next, the observer notes and records each failure, and 
the number of the drop at which it occurred, a counter being provided 
on the machine for this purpose. The test is usually continued until 
the container becomes unservicx'able, and either loses, or is unable to 
protect, its contents. 

Laboratory tests bring out weaknesses in the design or construction 
of the box or crate very clearly, and on the basis of the observations 
made it is possible to design a container that for all practical purposes 
is equally serviceable in every feature, i.e., balance in construction. A 
balanced container will show an equal liability to failure in nails pulling 
from the wood, in wood pulling from the nails, and in splitting and 
breaking of ends, sides, tops, or bottoms. Most containers are exces¬ 
sively strong in one or more parts, but by balancing the design it is 
usually possible to effect considerable savings in weight and cost for a 
given strength, or vice versa, for a given cost, to increase considerably 
the strength and protection to the contents, 
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A very important part of the work being carried out by the Division 
is the designing of containers made of Australian grown timber. The 
timber used naturally has a considerable influence on the design of a 
box or crate, and it is accordingly proposed to carry out tests to de¬ 
termine the best and most economical design for boxes and crates using 
locally grown woods, so that they may compete on equal terms with 
containers made of imported material. If this line of work is success¬ 
ful, it will be of great value to the Australian timber industry, as more 
than £1,000,000 worth of timber is imported annually for the manu¬ 
facture of the containers under discussion. 

Should any one interested wish to have further details of the pro¬ 
posed work, the Division would be glad to provide them. Inquiries 
should be addressed to:—The Chief, Division of Forest Products, 
Council for Scientific and Industrial Research, 314 Albert-street, East 
Melbourne, C.2, Victoria. 


The Manufacture of Tannin Extract in Western Australia—A New 
Australian Industry. 

A little time ago the Division of Forest Products of the Council 
completed a comprehensive investigation in Western Australia of the 
possibilities of manufacturing a tannin extract from various barks that 
could readily be produced in large quantities in that State. The plant 
with which this work was carried out, and also its objects, were described 
in a previous issue of the Journal (Vol. 1, p. 285, 1928). A process of 
elimination showed that only two of the barks have possibilities in any 
way attractive from the commercial point of view, these being karri 
{Enc, diversicolor), and the kino-impregnated bark of the red gum or 
inarri {Euc. calophylla). The former is a waste product at the karri 
mills, and contains about 18.2 per cent, of tannins. Investigations 
(which have also been reported at some length in a previous issue of the 
Journal, Vol. 2, p. 161, 1929), showed that it was possible to make a 
high grade extract, at a price that offered good prospects of commercial 
success. Some 20 tons of extract were prepared in the semi-commercial 
plant and tested, the results being satisfactory. 

Karri bark has peculiar difficulties, but these proved to be overcome 
by a fairly simple process. The work on marri was not so complete, but 
it showed that there were good possibilities with this material. Previous 
workers aimed at a high percentage of extraction, but in the investiga¬ 
tions of the Division this idea was dropj)ed, and by aiming at the highest 
percentage extraction which gave a good grade extract, most of the 
troubles with marri bark were overcome. 

As the result of this work, Messrs. Plaimar Limited, have now pur¬ 
chased the semi-commercial plant from the Council, and are re-erecting 
it near Perth, in order to manufacture and sell extract. 

Thus, as a result of scientific investigation, a new industry, using a 
material hitherto entirely wasted, has been initiated in Australia. 
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Recent Publications of the Council. 

Since the last issue of the Journal, the following Bulletins and 
Pamphlets of the Council have been published: — 

Bulletin No. 53—“ The Flying Fox {Ptero^ms) in Australia,” by 
F. ]Sr. Ratcliffe, B,A. 

This publication consists of a report of co-operative work conducted 
on behalf of the Council, the New South Wales Department of Agri¬ 
culture, and the Queensland Home Secretary’s Department. Since the 
earliest days of settlement, flying foxes (Pteropus spp.) have attacked 
cultivated fruit along the eastern coast of Australia, and control by 
means of shooting, poison gas, explosives, flame guns, poisoning in the 
orchards, &c., has proved unsatisfactory. The object of the investiga¬ 
tion reported in the Bulletin was to obtain information as complete as 
possible in regard to the flying fox population in Australia, its size 
and extent, the relations of the different species one to another, the 
nature and cause of the migrations, the individual and collective 
habits of the animals, and the extent and value of the economic losses 
involved, with a view to determinin/o^ whether it would be possible to 
suggest effective control measures or promising lines of further in¬ 
vestigation to such an end. Four species of Pteropus, namely, poHo' 
cephalus, qouldi, cons pic ill at us, and scapulatus are involved and their 
total numbers amount to many millions. It is shown that the animal 
is mainly a blossom feeder, and that, contrary to the general belief, 
it is not a serious menace to the commercial fruit industry, although 
large losses occasionally occur, notably when soft fruits, such as figs, 
peaches, &c., are grown. The main conclusion of the report is that no 
proved method of mass destruction likely to be inexpensive in operation 
is known, and that indirect methods of control, for example by an 
introduced disease, are not practicable. 

Bulletin No. 54—Investigations on ^ Spotted Wilt ’ of Tomatoes—■ 
II,” by J. G. Bald, B.Agr.Sc., and Geoffrey Samuel, M.Sc. 

This publication is a continuation of a previous Bulletin fNo. 44). 
The development of a new technique of inoculation has enabled the 
properties of the virus giving rise to s])otted wilt to be studied more 
extensively. The virus is very short-lived, losing most of its potency 
within three hours and the whole of it within six hours at roomJ tem¬ 
perature. It is also very sensitive to heat, being killed by heating for 
ten minutes at a temperature in the neighbourhood of 42°C. It havS 
been ascertained that the adult thrips of the species FranldinieJla 
insnlaris are apparently unable to transmit the virus after feeding on 
a diseased plant, and it seems to be essential that they should hav<^ 
fed on a spotted wilt diseased plant during their larval life in order 
to become vectors of the disease. Spotted wilt has been experimentally 
transferred from the tomato to several other varieties of Solanaceous 
hosts, and the Iceland poppy, nasturtium and zinnia have been found 
to be naturally infected with the disease in suburban gardens, and 
have also been successfully inoculated under experimental conditions- 
It is possible that the virus may be carried over in these plants during 
the seasons when tomatoes are not growing. 

Bulletin No. 55—‘‘The Basal fStandard) Metabolism of the Aus¬ 
tralian Merino Sheep,” by E. W, Lines, B.Sc., with the assistance of 
A, W. Peirce, B,Sc. 
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This publication reports the results of fundamental studies into the 
standard metabolism of the merino sheep as influenced by age, sex, 
and nutritive level. The method used was to measure the actual gas 
exchange of the animal in an open circuit apparatus. The work is of 
considerable importance from the practical point of view in connexion 
with the development of the most economical formulae for fodders in 
times of drought. The basal metabolism of an animal being known, 
the minimum amount of energy-producing food to keep it alive when 
ilio natural pastures have been exhausted can be derived, and with the 
data available as to the energy contained in different foodstuffs, their 
digestibility, and their price, the cost of the most economical hand- 
feeding in any given locality can readily be calculated. 

Bulletin No, 56—“ A Soil Survey of Blocks A, B, C, D, and T*. 
Benmark Irrigation District, South Australia,” by T. J. Marshall, 
B.Sc.Agr. and P. D. Hooper. 

The Bulletin contains the results of a soil survey of the lienmark 
irrigation area, portion of which had previously been surveyed and the 
results published as Bulletin 42. The various soil types (eleven in 
number) are discussed at length in relation to their behaviour on 
irrigation and cultivation. 

Bulletin No. 57—Infectious Entero-toxaeinia (the so-called Braxy- 
like Disease) of Slieep in Western Australia,” by II. W. Bennetts, 
D.V.Sc. 

The results of an extensive investigation into this problem carried 
out in co-operation with the Western Australian Department of Agri¬ 
culture are given. The disease is an acute toxaemia of sheep following 
the rapid multiplication of a specific toxicogeiiic anaerobic bacterium, 
which has been named B. ovitoxicus, within the contents of the small 
intestine. It has a seasonal incidence and affects chiefly sheep in good 
condition. The onset of death is rapid, often without premonitory 
symptoms. The results obtained in the field with B. ovitoxicus ana- 
culture are very promising and active immunization with vaccine of 
this type offers a most hopeful method of control. In the meantime, 
(Certain measures of flock management have been suggested and these 
may help to lower the mortality rate. Evidence suggestive of the 
ultimate development of a natural acquired immunity is rather en¬ 
couraging. 

Bulletm No. 58^—The Life Cycle of Stephanurus dentatus (Deis- 
ing), 1839: The Kidney Worm of Pigs,” by I. Clunies Ross, D.V.Sc., 
and G. Kauzal, D.V.Sc. 

The Bulletin deals with investigations carried out on a co-operative 
basis by the Council and the University of Sydney, one of the investi¬ 
gators, Dr. Kauzal, being located at the Veterinary School of the 
University as a result of finances made available to the University by 
the Pastures Protection Board of New South Wales. The kidney 
worm of pigs is of considerable economic importance, because heavy 
infestation frequently leads to condemnation of the carcass, while even 
moderate infestation may lead to rejection of the carcass for export 
to Europe. There is evidence that the number of infestations (and 
also their severity in individual pigs) is increasing. The life cycle 
of the parasite has been determined and reported at length. Climatic 
conditions prevent its occurrence in localities some distance south of 
Sydney. Satisfactory control measures have been developed and are 
discussed at length. Briefly, they involve the avoidance of damp areas 





in the yards, or if any such areas are unavoidable, their spraying with 
kerol at the rate of 10 gallons of a 6 x>er cent, solution per 100 square 
yards. 

Pamphlet No. 23—“ Eefrigeration Applied to the Preservation and 
Transport of Australian Foodstuffs/' by J. K. Vickery, Ph.D. 

For some time past, the Council has recognized that the whole 
question of systematic investigations in this field of work is a matter 
of very considerable importance to Australia's primary industries, 
in connexion with the export of perishable foodstuffs, and with the 
development of land settlement and the problem of finding new markets. 
As a preliminary to the formation of its Section of Food Preservation 
and Transport, it obtained from Dr. J. E. Vickery a report on the 
matter. His report has been published as Pamphlet 23. The main 
recommendations are to the effect that it would be desirable (i) to 
initiate some work in Queensland, more particularly on the chilling 
of beef, and later on in regard to tropical fruits, and (ii) to initiate 
some work at Melbourne in regard to the storage and transport of 
finiit such as apples, pears, &c., which are being produced in large 
quantities in the southern States. 

Pamphlet No. 24—The Preservative Treatment of Fence Posts," 
by J. E. Cummins, M.Sc. 

This pamphlet contains information primarily intended for farmers 
and the man on the land in general. The quantities of durable timbers 
now available for fence posts in farming areas have become very 
limited. Information is given in regard to methods whereby the life 
of non-durable fence posts can be considerably extended at com¬ 
paratively small cost. The wide adoption of the practice of preserving 
fence posts by some such methods as those outlined in the pamphlet 
would result in the utilization of considerable amounts of timber that 
are now wasted in Australia. 


Porthcomiag Publications of the Council. 

The following publications of the Council are now in the press;— 

Bulletin No. 59—‘‘The Ripening and Transport of Bananas in 
Australia," by W. J. Young, D.Sc., L. S. Bagster, D.Sc., E. W. Hicks, 
B.A., B.Sc., and F. E. Huelin, B.Sc.; and in part by R. A. Holloway, 
B.Sc., B.E., and O. P. Barr, B.E., of the New South Wales Govern¬ 
ment Railways. 

Bulletin No. 60—“ Studies in Supplementary Feeding of Merino 
Sheep for Wool Production," by Hedley R. Marston. 

Bulletin No. -—^Radio Research Board—^Report No. 2—(1) 
The State of Polarization of Sky Waves; ( 2 ) Height Measurements 
of the Heaviside Layer in the Early Morning, by A. L. Green, M.Sc. 

Bulletin No. —^Radio Research Board—^Report No. 3—The In¬ 
fluence of the Earth's Magnetic Field on the Polarization of Sky 
Waves, by W. G. Baker, B.Sc., B.E., and A. L. Green, M.Sc. 

Bulletin No. - 7 -Radio Research Board—^Report No. 4 —A Pre¬ 
liminary Investigation of Fading in New South Wales. 

Pamphlet No. —“The Irrigation of Horticultural Community 
Settlements," by A. V. Lyon, M.Agr.Sc. 

Pamphlet No, —“Termites (White Ants) in South-eastern Aus¬ 

tralia," by G. F. Hill. 


H. J. Green, Govt. Printer, Uelb. 
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Observations on the Resistance of Sheep to 
Infestation by the Stomach Worm 
{Haemonchus contortus). 

By I. Clunks Ross* D.VSc. 

I. Introduction. 

In a recent article, Stoll (1929) records the development in two 
lambs of a very marked degree of resistance to infestation with 
Haemonchus contortus, following an initial light experimental infes¬ 
tation in the case of one animal and subsequent continuous exposure 
to natural infestation on restricted pastures of both animals, as the 
result of eggs voided by the experimentally infested lamb. Initially, 
each showed evidence of a normal and progressively increasing infesta¬ 
tion with Haemonchus contortus, as indicated by steadily rising egg 
production, which reached as much as 13,600 per gm. of faeces in 
one case, and 10,000 per gm. in the other after three months. After 
remaining at this peak for about one month, egg production rapidly 
declined, and ceased a few weeks later, four months after the first eggs 
of the parasite appeared in the faeces. Subsequent exposure of these 
animals, in the one case to heavy experimental infestation, and in the 
other to repeated risk of natural infestation on heavily contaminated 
pastures, failed to set up any appreciable degree of fresh infestation, 
it being found that larvae experimentally administered were rapidly 
voided in large numbers in the faeces. 

On a post-mortem examination, both animals were found to have a 
very slight infestation with H, contortus, individual worms being 
smaller than normal, and showing evidence of poor egg production. 
Stoll concluded from the evidence thus obtained that Haemonchus 
infestation of sheep, provided it is not so lieavy as to overwhelm the 
resistance of the animal and lead to its death but yet of suflicient 
severity to provoke an active immunological response, will result in 
the development of an immunity or resistance which may be absolute. 

In view of the fact that our personal experience with H, contorts 
infestation in Australia, both in the field and under experimental 
conditions, presented many features at variance with these conclusions 
of Stoll, it was thought advisable to put forward the following observa¬ 
tions in regard to this problem. 

* Offloer In Charge, F. D. MoliMter Animal Health Laboratory, Division of Animal Health, 
C.S.I.K. 
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Station A, 


2 . Field Observations. 


In the early summer of 1928, the writer had occasion to visit a 
large Queensland station, some 80,000 acres in area, on which the 
normal carrying capacity was about 40,000 sheep. This property was 
situated in an area noted for heavy infestation with JEf. contortus, and, 
to a lesser degree, with Oesophagostomum columbianum. In the course 
of investigations carried out at this station, a number of aged ewes 
which had been bred and run continuously on the property for four 
or more years were autopsied. Of eight thus examined, six showed 
degrees of infestation with H, contortus, varying from 400 to over 
1,000 worms, while the other two were completely negative. A number 
of lambs, which were less than six months old, were also examined on 
the same property, and these all showed some hundreds of worms, the 
numbers being comparable to those found in the ewes examined, with 
the exception of the two negative cases. On this property, worm infesta¬ 
tion is so heavy and serious that, until the introduction of a system 
of periodic drenching with carbon tetrachloride, in 1928, losses in the 
late summer and autumn amongst young sheep reached from 1,000 to 
5,000 per annum, while lambing ewes also suffered considerable 
mortality. 

In this case, therefore, it is seen that, though the ewes had been 
continuously exposed to recurring infestation for a number of years, 
the majority of those examined showed considerable degrees of infesta¬ 
tion, such infestations being comparable to those of lambs suffering 
their first season’s infestation. It should be mentioned also that these 
cases were examined early in December, whereas worm infestation 
becomes worse during the later summer months and early autumn, so 
that it might be expected that the animals would show even heavier 
infestations later in the season 


Station B, 

This was a similar Queensland property, in the same district as 
Station A, but larger in extent (200,000 acres), and carrying normally 
about 70,000-80,000 sheep. Prior to 1928, it had been practically 
impossible to rear young sheep on this property, and at that time it 
was almost wholly stocked with aged wethers, which had been brought 
in from worm-free country further to the west. This station was 
re-visited in 1930, some years after breeding had been resumed. Ten 
aged culled ” wethers, from nine to eleven years old, which had been 
running on the property continuously for from four to six years, were 
autopsied. Eight showed from 500 to more than 1,000, but two less 
than 100 II. contortus. Two four-tooth sheep, three two-tooth sheep, 
and four lambs were also autopsied, and all showed moderate to heavy 
degrees of infestation with H. contortus, these infestations on the 
average being no heavier than those of the aged wethers. 

Therefore, on these stations both ewes and wethers had been 
exposed to continued infestation over a number of years without any 
marked resistance (as determined by the degree of infestation), 
becoming evident, except in a minority of aged animals. This would 
suggest either— 

1. That the sheep were subjected to repeated infestation which 
was not sufficiently heavy to call forth a strong degree of 
resistance—in the circumstances most unlikely; or 
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2. that any resistance developed was evanescent, and did not last 

from season to season; or 

3. that the production of such resistance as Stoll describes is in 

no way constant, and possibly is determined by factors 
additional to those he suggests. 

In addition to these observations in the field, the following experi¬ 
mental data were obtained in the laboratory. 

3. Experimental Observations. 

The following observations were made on individuals of four groups 
of sheep which previously had been exposed to artificial infestation 
with 7/. contortus in connexion with tests of the anthelmintic properties 
of certain drugs given in licks and in drinking water. It may be 
noted that none of these drugs appeared to have the slightest effect 
on the parasites, sheep in all lots that received such drugs showing as 
regular and heavy degrees of infestation, and suffering as much 
mortality as those in the untreated control group. 

For the purpose of this paper, these sheep may be considered as 
re-grouped according to age and breed:— 

Lot A.—Four ewes, three being aged (S 43, 44, and 45), and the 
other a four-tooth (S78). 

Lot B.—Six merino lambs eight to twelve months old (S 72-77). 

Lot C.—Six Lincoln cross merino lambs eight to twelve months 
old (S 80 to 85). 

Lot D.—Four merino lambs three months old (S 91-94), 

All animals were kept in concrete-floored yards, which were swept 
and hosed out daily. Food, which was supplied in troughs, consisted 
of oaten chaff, crushed oats, and bran in the morning, and lucerne hay 
at night. 

(i) Degree of Worm Infestation at Comrnencernemt. 

At the beginning of the trial, all sheep in Lot A were found to have 
a heavy degree of infestation with 77. contortvs, faecal cultures showing 
over 90% of this species. One animal (S43) showed marked pallor 
of the visible mucous membranes, while two others (S 44 and 78) 
showed definite, but less marked, signs of clinical haemoiichosis, though 
the degree was not determined by erythrocyte or leucocyte counts. 

Lot B, —All animals in this group were found by faecal culture to 
be heavily infested with II. contortus, cultures showing over 90% of 
larvae of this species. Egg counts of the faeces of each sheep by the 
Stoll method showed from 6,000 to 33,000 eggs per gm. 

Lot C. —N*o animal in this group had a higher egg count than 900 
to 2,000 eggs per gm., while larvae consisted of approximately equal 
numbers of H. contortus on the one hand, and Ostertagia spp. and 
Trichostrongyhis spp. on the other. Ho animal showed any clinical 
signs of haemonchosis. 

Lot D. —Repeated culture and egg counts of this group showed no 
evidence of infestation with II. contortus or other helminths, except 
Sirongyloides spp. Ho, animal showed any clinical signs of 
haemonchosis. 
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(ii) Nature of Treatment Given. 

Lot B was treated with 1 co. tetrachlorethylene per sheep on the 
22nd December, 1930, and Lots A and B with 2 ccs. carbon tetrachloride 
on the 29th December, 1930. Subsequent faecal culture and egg 
counts showed a marked decrease in the degree of infestation with H. 
coniortus in all animals in both these groups. In Lot A, all clinical 
evidence of haemonchosis disappeared in from two to three weeks, while 
in Lot B, cultures showed only from 5% to 32% IT. contortus one 
month after treatment, and counts ranged from 600 to 4,000 eggs per 
gm. of faeces. Lot C continued to show only light infestation, and 
Lot D to be negative (except for Strongyloides spp.). 

Artificial infestation of all lots was begun on the 13th February, 
1931. Each sheep was drenched with larval cultures containing not 
less than 95% H. contortus, from 500 to-1,000 larvae being adminis¬ 
tered each week to Lots B, C, and D until the 22nd May, 1931, when a 
total of 6,500 larvae had been given to each animal. Larvae were 
administered to Lot A at the same rate as to Lots B, C, and D until the 
16th April, 1931, after which from double to four times the number 
were given at each drenching, so that on 20th May, 1931, each of these 
sheep had received 11,000 larvae. 

(iii) Observed Effects of hffestation. 

From four to five weeks after artificial infestation was l)C*gun all 
sheep in Lots B, C, and D showed progressively increasing degrees of 
infestation, and by 8th April all sheep in these lots showed over 90% 
of H. contortus larvae in cultures, there being little difference in any 
of these groups. With Lot A, however, though there was a high per¬ 
centage of H. contortus larvae in cultures, and though one sheep showed 
a count of up to 5,000 eggs per gm. from week to week, in no case was 
there evidence that any steady progressive increase in infestation was 
taking place. On the 27th April, 1931, S 75 (Lot B) died after 
suffering from intermittent diarrhoea for about ten days. This animal 
could not be autopsied for some 24 hours, by which time any //. 
contortus were dead and degenerated. It was not considered, however, 
that death was due to haemonchosis, though prior to death the visible* 
mucus membranes were markedly anaemic. 

At this time, some sheep in Lots B, C, and D were showing counts 
of up to 20,000 eggs per gm,, and it was evident that very heavy infes¬ 
tations had been established. During the next three weeks, a number 
of clinical eases of haemonchosis began to develop in Lots B, C, and 
D, and in these lots nearly all animals showed counts of from 20,000 
to 60,000 eggs per gm., but no sheep in Lot A (adults) showed any 
increase in infestation, and all made satisfactory gains in weight. 

From thirteen to seventeen weeks after infestation was begun the 
following animals died or received anthelmintic treatment when showing 
marked symptoms of acute haemonchosis or other evidence (egg counts 
and larval cultures) of heavy infestation:—S 73, 74, 75, 76, 77, 81, 
82, 83, 84, 85, 91, 92, 93, 94, all of which were in either Lot A, B, 
or C. Only three animals (S 73, 80, and 84) out of these three lots 
remained in apparently normal health up to the 18th week. S 84, 
however, though it showed no pallor of the mucus membranes, and 
appeared lively and in normal health, gave egg counts repeatedly 
reaching as hi^ as 20,000 to 40,000 eggs per gm., over 95% of larvae in 
cultures being H. contortus. S 73, though also in good condition, was 
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shown by repeated egg counts (up to 33,000 eggs per gm.) to have an 
equally heavy infestation. In both these animals, therefore, in spite of 
their apparent resistance, infestations comparable in intensity to those 
in more obviously affected animals were set up. In the case of S 80, 
egg counts were as low as 2,600 to 4,800 eggs per gm., yet on autopsy 
in the 23rd week (the sheep being kept under the same conditions as 
during the trial) this animal was found to have from 500 to 1,000 
//. contortus (exact number not counted) —a moderately heavy infes¬ 
tation. In this animal,,the egg counts had remained surprisingly low, 
considering the degree of infestation found. 

The routine examination of sheep was discontinued after 18th June, 
1931 (eighteen weeks after infestation was begun), when faecal cultures 
of the adult sheep, S 78, 45, 43, and 44 (Lot A), were either negative 
(S 43 and 44) or showed very few H. contortus larvae (S 78, 45). 

On autopsies between 18th to 24th August, 1931, these sheep con¬ 
tained the following 77. contortus: —S 78, 4; S 45, 154; S 43, none; and 
S 44, none. 


4. Discussion. 

In the above observations on animals artificially infested with 77. 
contortus it is seen that all four ewes (one four-tooth and three aged), 
which had been freed to some extent from an earlier and heavy infesta- 
tation by medicinal treatment, subsequently proved refractory to 
attempts to re-infest them. A group of lambs (Lot B), also freed 
to some extent from heavy infestation, all proved as susceptible to 
re-infestation as two other lots (C and D), one of which had had a 
previous very light infestation, and the other no previous infestation. 

On the other hand, in the natural infestations recorded, though the 
aged ewes and wethers examined had been exposed to infestation from 
year to year, only a small minority showed evidence of an absolute 
resistance to infestation, the majority still harbouring a considerable 
number of worms. 

In contrast, we have such phenomena as the self cure and subsequent 
resistance to re-infestation on the part of lambs, as recorded by Stoll 
(loc. cit.), the marked individual resistance, as noted by ourselves, of 
adult sheep in lots experimentally infested with 77. contortus, and, as 
in StolTs cases, the complete self cure of heavily infested animals with¬ 
out treatment. 

It would appear, therefore, that the degree of resistance to infes¬ 
tation with 77. contortU’S is influenced by a complex of forces of the 
individual importance of which we are not yet aware. Among such 
forces, the following suggest themselves:—natural resistance, age 
resistance, an acquired resistance due to a prior infestation, and 
nutritional factors. 

(i) Natural Resistance, 

There is at present little experimental evidence that individual 
young sheep, not previously exposed to infestation, have any natural 
resistance to infestation, that is, a resistance inherent in the individual, 
and appearing in animals of the same age and breed maintained under 
identical conditions. Fourie (1931), however, endeavoured to infest 
lambs artificially with pure cultures of 77. contortus, and though tiiese 
lambs are stated never to have been exposed to infestation previously, 
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he found that in a group of 38 lambs nine fatal cases of haemonchosis 
were set up, six heavily infested animals recovered, while 23 resisted 
and did not show the effects of infestation. It is not stated whether 
the !resistaiit 23 animals failed to become infested, or merely proved 
resistant to the effects of any infestation set up; but, since enormous 
numbers of larvae were administered (up to 50,000) in the cases 
recorded in detail, it would appear that the degree of resistance varied 
very greatly. (No egg counts of individual animals are given.) That 
this might be due in some cases, however, not tp resistance to the actual 
infestation, but rather to resistance to its effects, is suggested by the case 
of S 73 and 84 above, which, though very heavily infested, showed no 
clinical evidence of haemonchosis. 

We have recorded recently (Ross, 1931) that in two newly-born 
worm-free lambs, receiving 1,000 77. contortiis larvae each, 48.5% and 
6% of larvae developed respectively. But in this case the larvae were 
administered in a single dose to each lamb—a highly unnatural pro¬ 
cedure—so that, having regard to the variable course which fluids may 
follow in reaching the abomasum when given to sheep by the mouth, it 
cannot be accepted that this variation reflected the true degree of 
resistance in the two animals. In connexion with hookworm infesta¬ 
tion in the dog, it has been shown by Herrick (1928) that, even in 
puppies exposed to their first infestation, the number of larvae 
developing varies as widely as 6% to 60%. 

There seems some ground, therefore, for believing that individual 
natural resistance may play an important part in determining the 
degree of infestation set up naturally or artificially in lambs. 

(ii) Age Resistance, 

Among stockmen and others it is a commonplace that aged sheep, 
with the possible exception of lambing ewes, suffer much less from the 
effects of worm infestation than lambs, it being frequently said that, 
once a sheep becomes a two-tooth (eighteen months old approximately), 
there is little likelihood that it will show marked effects of worm infes¬ 
tation. There is, however, little experimental evidence that such sheep 
are less susceptible to infestation than young lambs, though they cer¬ 
tainly show less marked effects cf such infestation. Again, under 
natural conditions, it is impossible to determine to what degree any 

resistance shown is due to age, and to what degree to the effects of a 

prior infestation. The great majority of sheep in Australia exposed 
to infestation when aged have already been infested in their youth. 
We have recorded, on the other hand, that aged animals killed in the 
field, as well as in Lot A above, may show considerable or even heavy 
degrees of infestation. 

(iii) Acquired Immunity, 

There appears little doubt that at least a temporary and partial 

immunity to infestation does frequently follow infestation, such resist¬ 

ance commonly being encountered where attempts are made experi¬ 
mentally to infest lambs which are not worm-free. In most instances, 
however, such resistance is not absolute, since light infestations are 
maintained throughout, or may be set up. Acquired resistance, if pro¬ 
duced, must evidently be of short duration, at least in many cases, in 
view of the heavy infestations met with in sheep of all ages in areas 
of heavy enzootic infestation, though only the younger animals may 
exhibit obvious effects of parasitism. 
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McCoy (1931) has also found in the case of dogs that, though such 
resistance is developed in animals exposed to repeated infestation with 
Ancylostoma caninum, so that they may throw off heavy infestation and 
prove temporarily refractory to re-infestation, yet after a lapse of 
time, some may be re-infested once or even twice. 

In the sheep, it is probable that a greater degree of resistance may 
be developed in older and stronger sheep than in lambs, as suggested 
by the variation in susceptibility to re-infestation of Lots A and B 
above. 

The production of a strong and lasting acquired resistance to //. 
coriiorkis, particularly if persistent, would be of interest, in view of 
the fact that, at the present time, the most striking examples of either 
age immunity, or acquired immunity to metazoon parasites are perhaps 
those in which there is a suggestion of abnormal host-parasite relation¬ 
ship, such as the age immunity to Syngamus trarJieaa in chickens 
(Eansom, 3 921), and acquired immunity to the trematode infestation 
with Nanophyses sahninlcola (Donham, Simms, and Miller, 1926) in 
the (log. We have recently suggcisted (Boss, loc. cit.) that H. contortus 
is specifically adapted to survival in the sheep rather than the ox, and 
the host-parasite relationship with the former is the normal one. Were 
this so, it would perhaps be expected that either an age immunity or 
a prolonged and absolute acquired immunity would be less likely to be 
developed than if the host-parasite relatioTiship were abnormal. This 
may be contrasted with the difficulty which Monnig (1926) found in 
infesting Merino sheep over two years old with Trichostrongyhis 
rugaius and T. instahilis, while aged Persian sheep remained much 
iiiore susceptible. Here, it is highly pnffiable, is a difference in 
immunological response, due to the variation in the host-parasite 
relationship in the two breeeds. 

It may be stated, therefore, that, though an acquired immunity to 
//. cantor)us not infrequently follows a heavy degree of infestation, such 
resistance, even in aged animals, may be of such temporary duration 
that the animals may subsequently be re-infested. 

(iv) Nviriiional Factors and Resistance, 

It is very generally held that nutritional factors exercise a vital 
influence on the degree of infestation of sheep with 7/. contortus. Here 
again, however, resistance to infestation is commonly confused with 
resistance to the effects of infestation. Thus the fact is frequently 
cited that sheep which are apparently in normal health when feed is 
young and nutritive in the spring and early summer, develop marked 
haemonchosis when it dries off in the late summer, autumn, and even 
winter, and so becomes less nutritious. This, however, may be due, not 
to the fact that animals then become more susceptible to infestation, 
but either to the fact that infestation has been steadily built up through¬ 
out summer and autumn, and ultimately roaches a degree sufficient to 
produce symptoms of haemonchosis, or to the fact that animals in a poor 
nutritive condition show the effects of infestation more markedly than 
those infested to an equal degree, but adequately nourished. It is not 
improbable, however, that the acquired resistance of sheep may be 
weakened, or entirely dissipated, by their subjection to impaired 
nutritive conditions. 
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Foster and Cort (1931) have recently demonstrated experimentally 
tiiat the acquired resistance of dogs to infestation with Amylostoma 
caninum may be readily removed by placing them on deficient diet, and 
no less rapidly restored by an adequate diet. If the degree of suscep¬ 
tibility of sheep to //. contartm and the duration of acquired resistance 
are affected in a similar manner, many observed facts would be 
explicable, including the greater susceptibility of Lot B compared with 
Lot A (see above), since the nutritive requirements of young sheep 
being more exacting than those of aged animals, they might under field 
conditions obtain comparatiely less adequate nutrition, and the pro¬ 
duction of a degree of resistance be correspondingly impaired. In this 
also would lie the explanation of the frequent heavy infestation of aged 
sheep in areas of heavy enzootic infestation, especially under unfavor¬ 
able seasonal conditions. There would possibly still be contradictions, 
such as the absolute immunity enjoyed by a minority of aged animals 
in such areas, but these might well be animals in which already a 
renewal of resistance has been acquired temporarily, or which exhibit 
an idiosyncratic natural resistance. 

These facts have a very important bearing on questions of the con¬ 
trol of worms in sheep, and particularly the safeguarding of young 
animals, since it is evident that aged animals may be heavily infested 
with If, contortus, although not necessarily exhibiting any effects of such 
infestation, and may thus serve seriously to contaminate pastures simul¬ 
taneously or subsequently grazed over by young sheep. 
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Research on Bees; A Progress Report. 

By G. A, Currie* B.Sc., B,Agr.Sc. 


A brief note in regard to the objects of the Councire investigations on 
bees, and in re^rd to the grant from the Rural Credits Development 
Fund that had wen made available for the assistance of that work, was 
given in a previous issue (see this Journal 4 : 263, 1931). Attention 
was drawn in that note to the fact that the Australian bee industry is 
responsible for a production worth £100,000 per annum, based on omcial 
statistics alone, that Apiarists* Associations consider the industry 
annually produces very much more than that amount, as there are 
numbers of beekeepers holding relatively small areas from whom no 
statistical returns are obtained, and that the industry is apparently 
capable of considerable extension if certain disabilities, including 
dwindling, can be overcome. Although the onset of cold weather has now 
put an end to the study of certain phases of the investigations, some 
advances in the work have already been made. An account of these is 
given in th« article that follows.— Ed. 


Summary. 

The problem of D.T. or pollen deficiency disease in Australia is being 
investigated by the Council in conjunction with the Victorian Apiarists Associa¬ 
tion. The problem seems to consist of finding an efficient substitute for pollen, 
to be given to the bees during a period of pollen shortage in the field. The 
research is divided into three parts— 

(1) Laboratory.—Finding a substitute for pollen which will lead to the 

development of the brood food glands in the head of the young 
worker adult. 

(2) Insectary.—Testing substitutes in the hive to see if they can develop 

the larvae during the period of progressive feeding to the adult 
stage. 

(3) Testing substitutes in the field on a commercial scale during a period 

of pollen shortage. 

The laboratory stage is fairly well advanced. Yeast, casein, and certain 
mixtures of these, with other substances, have been shown to develop the brood 
food glands. 

The insectary work is showing indications of success, but field work has not 
yet been commenced, owing to the non-development of the trouble during the 
past two seasons. 


I. Introduction. 

In certain parts of Australia it has been observed that in dry years, 
generally during the months of January, February, and March, bee 
stocks have dwindled rapidly and died out, although honejy has been 
plentiful. The areas concerned are chiefly those in which yellow- 
box, Eucalyptus meliodora, is one of the main honey-bearing trees. 
Mr. Beuhnef and other apiculturists have observed that under such 
conditions the pollen from yellowbox flowers and from certain other 
Eucalypts flowering at the same time is not available to the bees owing 
to its stickiness. Further, dry seasons prevent ground flora from 
flowering, and a condition arises in which no pollen for brood rearing 
is available to the bees, so that, as the old field workers die off from 
natural causes, no young ones are reared to take their places. This 
dwindling was called D.T. (Disappearing Trick), or deficiency disease. 

* An officer of the Dlvlelon of Boonomlo Entomology. O.8.I.B. 

t Late AptoultnrM to the Victorian D^;Mfftin8iit of Agriculture, and now Secretary, Vlotortan 
Apiarists Assodatton. 
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Several endeavours have been made by various people in the past 
to have some research work initiated with a view to a control of the 
problem. The name of Mr. Tarleton Rayment comes readily to mind in 
this connexion. Further, in 1928, the New South Wales Apiarists 
Association and the Victorian Apiarists Association both passed resolu¬ 
tions desiring that research into this problem be undertaken. Two 
years later, the Victorian Association succeeded in having a grant from 
the Rural Credits Endowment Fund of the Commonwealth Bank made 
available to the C.S.I.R. for research into the problem. 

Many methods of overcoming the pollen deficiency had previously 
been considered. Amongst these were— 

(1) The introduction into the Australian flora of trees known 

to flower and produce pollen at the season of shortage. 

(2) The transferring of pollen-filled combs from one district ta 

another. 

(3) The collection and storage of natural pollen during periods 

of abundance against periods of shortage. 

(4r) Tile cultivation of low growing plants for |X)llen production 

under irrigation. 

All of these were rejected as impracticable. Thei’o only remained 
further researcluvs into the possibilities of efficient pollen substitutes. 

When C.S.I.R. took up the problem, it was decided that Mr. 
Beuhne’s estimate of what the problem was, viz., one of pollen 
deficiency, should be accepted as the starting point of the investigation,, 
and that the first definite aim should be to try out possible pollen 
substitutes exhaustively. 

Arrangemcuits were made for the field work to be undertaken by 
Mr. Beuhne, and the author was allowed to devote a part of his time to 
the laboratory work. The Council provides without charge the use of 
the laboratory, microscopes and other instruments, insectary space, and 
electric power and light. 


2. Pollen Substitutes in General. 

For many years, beekeepers all over the world have fed various- 
substitutes for pollen to their bees in times of scarcity. Rye flour, 
wheat flour, pea flour, and Mellin’s food are typical examples of the 
substitutes used, and it is well known that the bees n'adily collect and 
store such substances. However, critical tests have not borne out the 
claims made for these substances, and it appears unlikely that brood 
has ever been successfully reared to the adult stage wholly on these 
substitutes (Parker, 1926).* On the other hand, some evidence has- 
been obtained in recent years that milk and sugar fed to bees in spring 
may lead to vigorous brood rearing when pollen is scarce (Winson, 
1930)f. There are many sides to the use of pollen in the hive to be 
met by a substitute. Thus, to be successful, a substitute must be— 

(1) A dry powder; 

(2) not repellant to bees, so that they will collect and store it; 


• Cornell Univ. Agr Expt. Sta, Ithaea, X Y., Memoir 08. 
t Ameri/^an Bee Journal^ September, 1930, p 434 
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(3) chemically constituted so that it will stimulate the brood 

food glands of the young adults to produce food for the 
queen, and for the young larvae during the period of mass 
feeding; and 

(4) so constituted that, when fed mixed with honey to the larvae 

in the period of individual feeding it will allow them 
to develop to the fully functional adult stage. 

Ik^es also use pollen in the cappings of the brood cells, but it is 
not certain if it is an esential constituent of these. 

Dr. Soudek (1927)* of Ozeebo-Slovakia, has demonstrated that 
yeast and egg albumen can produce development of the brood food 
glands, but, in the state in which they are ordinarily procurable, they 
do not fulfil the other conditions of an ideal pollen substitute. After 
all the above conditions have been met, it must be remembered, too, that 
any pollen substitute to be used conimorcially must be cheap enough 
to warrant its use. Bees may use up to 7 oz. of pollen a day in a 
big colony at the height of brood rearing, but requirements normally 
would be much smaller than this. 


3. Plan of Present Investigations. 

The work now under review was planned out in the following 
sequence:— 

(1) A check of the effect of known pollen substitutes and any 

new ones on the development of the brood food glands 
of young workers in an incubator. 

(2) A test of these substitutes on a colony basis in an insect ary 

where pollen is not available, to determine if brood can 
be reared to the adult stage. 

(3) Following (1) and (2) above, a field test of any promising 

substitutes, the test to be carried out on a commercial 
scale and during a period of pollen deficiency. 

When work was commenced, the first necessity was a supply of 
bees to draw from, so some hives of Carniolans were purchased late 
in 1931. From these, brood comb containing capped worker cells has 
been continually drawn. An incubator maintained at about 31® C. 
is used in the laboratory, the pieces of brood comb from which the 
young workers emerge being kept in gauze-topped glass jars. As the 
adults emerge, they are put into small boxes provided with wire-gauze 
covers, and the food for the bees is placed in pieces of comb, which 
are sealed to the bottom of the boxes. At first, the pollen substitute 
was mixed with sugar syrup and put into the cells, so that the bees 
were compelled to take it. Later, it was found that when a dry pollen 
substitute was used, it could be packed in the outer cells like pollen, 
and the syrup placed in the cells in the centre. Under these conditions, 
the young adults feed readily on the dry substitute. 

* Bull, de I'Eoole Supeiieure d'Agronbmle, Brno. R.C.3. 
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4. Developinent of Brood Pood Glands. 

Experimental Series 1. 

In each case, 25 bees or more were used for a single experiment, 
and the results were as follows:— 


Substitute. 

Results. 

Remarks. 

Casein 

No development 


Casein and yeast 

No development 


Egg albumen 

Slight development .. 

Bees died off early 

Egg albumen and yolk 

Slight development .. 

Bees died off early 

Gelatin 

No development 


Pollard of wheat 

No development 


Pollen (Control) 

Fair development 


Pea flour 

No development 


Pea flour and yeast 

Slight development 


Pollard and yeast 

No development 


Syrup only (Control) 

No development 


Yeast 

Fair development 



Experimental Series 2. 


Substitute. 

Results. 

Remarks. 

Casein 

Slight development 


Casein and yeast 

Good development .. 

Bees healthy and lived to 

Casein and cystine 

No development 

32 days 

Casein and pea flour 

No development 


Cystine 

No development 


Cystine and pea flour .. 

No development 

Probably died from syrup 

Cystine and peptone 

No development 

becoming too concen¬ 
trated 

Milk, dried (Trufood) .. 

Fair development 


Milk and yeast 

Fair development 


Peptone 

No development 

Bees died off very rapidly 

Pollard (wheat offal) 

No development 

(within 2 days), except 
when solution of peptono 
in sugar syrup was very 
weak, when they lived 
up to 7 days 

Bees collected on their legs 

Syrup only 

No development 

as if natural pollen 

Yeast (dried and pulverized in 

Fair development 

Bees healthy and active 

mortar) 


Experimental Series 3. 


Substitute. 

Resulto. 

Remarks. 

Casein 1 part, yeast 1 part 

Fairly good develop¬ 
ment 


Casein 5 parts, yeast 1 part 

Fairly good develop¬ 
ment 


Casein 10 parts, yeast 1 part 

Fairly good develop¬ 
ment 


Casein 15 parts, yeast 1 part 

No development 


Casein 20 parts, yeast 1 part 

Fair development 


Milk (dri^) 1 part, pea flour 

2 parts 

Fair development 


Pollard 8 parts, yeast 1 part 

Fair development 
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Experimental Series 4. 


Substitute. 

Besults. 

Bemarks. 

Casein only .. 

Casein 26 part8» yeast 1 part 

Casein 1 part, egg albumen, dry 
powder, 1 part 

Casein 10 parts, dried milk 1 part, 
yeast 1 part, pollard 1 part 

Egg albumen, fresh 

Egg albumen, dry (powdered) .. 
Egg albumen, dry (powdered), 

1 part, dried milk 1 part 

Fair development 

Fair development 

Slight development 

Fair development 

Fair development 

No development 

Fair development 



The results, as can be seen, are not regular, but the general con¬ 
clusions are that yeast alone or in admixture with various cheaper 
protein foods can stimulate the brood food glands to active functioning. 

Another most important finding is that casein alone can lead to 
development of the pharyngeal glands. This substance is cheap enough 
to warrant its use, and being a dry powder it is easily stored and fed 
to the bees. Probably this substance can be used to combine with yeast 
and pollard to give an effective substitute. Experiments with these 
substances are at present in progress. 

When pollard was used it was noticed that the bees generally died 
off fairly early (about ten days old), and that they died with the 
abdomen distended with gases. It seems probable that substitutes con¬ 
taining much starch cause digestive disorders, as it is well known that 
the bee cannot digest starch. 

From the point of view of cheapness it would be desirable to add 
as much pollard as possible to any mixture, but it would appear that the 
foods richer in protein and poorer in starch are more healthy for the 
bee. Further series of tests will be set out to determine the cheapest 
effective substitute. • 


5. Feeding of Larvae. 

The larvae newly hatched from the egg are fed by the nurse 
bees with the brood food ’’ from the glands referred to above. This 
“ mass feeding ” is carried on for the first two and a half days of the 
larval life, when the young larvae float on the brood food and absorb it. 
When plenty of young adults are present (four to ten days old), and 
sufficient pollen for their feeding is present in the hive, the supply of 
brood food is lavish. 

After the period of mass feeding,^’ the larvae enter the period of 
progressive feeding,” during which period they are fed by the very 
young adults on pollen mixed with honey and water. 

After experiments with bees in the incubator had demonstrated 
that the brood food glands could be stimulated by pollen substitutes, 
the next step was to test out the substitute as a food for the larvae 
during the period of progressive feeding after the second day of life. 
In order to get a pollen-free area, a colony of bees was put into an 
enclosed space 30 feet x 10 feet in an insectary. The old bees soon 
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died off, because they could not adjust themselves to the small range, 
but the bees which hatched out in the insectary took to it kindly 
enough. 

The queen ceased laying as soon as she was enclosed, but when the 
young bees started flying they were supplied with pollen substitute in 
artificial flowers, and a little desultory egg laying began. The bees 
stored the substitute (casein, yeast, and pollard) in the cells, and 
apparently reared some brood on it, as capped brood was seen shortly 
afterwards in one of the combs. The difficulty of being quite certain 
that no trace of pollen was present in any of the combs from which 
the young brood emerged added to the fact that the brood cappings 
eaten by the emerging adults are made up of a mixture containing 
pollen, make it necessary to repeat the experiment a number of times. 

Another hive was made up of capped brood combs and placed in 
a compartment in the insectary. Sugar syrup was fed outside the hive 
for two and a half months, and no pollen substitute given, so that if 
any pollen existed in the hive it would be completely used up. No 
brood rearing took place during the period. On 20th February, 1932, 
a frame was filled with pollen substitute and placed in the hive. It 
was noticed that after the pollen substitute had been put in the hive 
the bees began to fly more freely than before. However, no brood 
rearing took place. 

On 31st March, a piece of comb containing eggs, unsealed larvae, 
and a few scaled cells was cut from a comb in an outside hive. All 
traces of pollen were carefully removed, and the piece of comb fitted 
into a space in an empty brood comb. This was placed in the experi¬ 
mental hive in the insectary, and abundant dry pollen substitutes shaken 
into the empty cells sitrrounding the brood. This substitute was made 
up as follows:— 

Pure casein . . . . . . 25 parts. 

Yeast (dried) . . . . . . 1 ' part. 

Pollard . . . . . . 6 parts. 

Pea flour .. .. .. .. 1 part. 

Dried milk . . . . . . 1 part. 

The hive was then closed up for 16 days and sugar syrup fed to the 
bees. During these 16 days, all sealed brood would have hatched out, 
and all larvae which had reached the progressive feeding stage when 
put into the hive would have pupated and emerged adults. When the 
hive was opened after the 16 days, eggs and brood in all stages were 
present, the queen having been stimulated to lay by the presence of the 
other brood. All the brood present then was either the progeny of the 
queen of the experimental hive or else from eggs or larvae, under three 
days old, from the outside hive. All the brood had been reared in the 
experimental hive from at least the mass feeding stage or the egg stage, 
and had been fed by bees which had had no protein food except the 
pollen substitute for their own nutrition and for feeding the older 
larvae. A piece of comb containing sealed brood was cut out and 
placed in an incubator. Adults emerged from the 17th day onwards, 
all apparently healthy. A fresh cell capping removed on the 17th day 
disclosed a larva which pupated on the 19th day. This larva, which would 
probably have been from an egg laid about 11 days before, must have 
been laid by the queen in the experimental hive. The experiment is 
being continued to check the present indications, but meanwhile it can 
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be stated that bees have been reared from egg to adult on a pollen sub¬ 
stitute.* Further experiments will be necessary as checks, and also to 
discover if the adults reared on substitutes are as efficient and as 
resistant to disease as normal adults. 

6. Investigations in the Field. 

Mr. Beuline has kept in touch with the investigator on the one hand 
and with the apiarists on the other. If a pollen shortage occurs, it is 
hoped that he will he able to help in conducting experiments to try out 
the pollen substitutes under commercial conditions. 
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• American Invogtlgators have succeeded in rearing larva© on pollen substitutes, but none of 
thcA© larvae, so far as we are aware, wore able to pupate and emerge adult. 
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The Root System of the Sultana.* 


By C. Barnari^'\ MSc, 


Summary. 

The observations, recorded here in respect to the Sultana vine in the Mildura 
district, have been made primarily for the purpose of supplying information 
which is required for investigations dealing with methods of cultivation and 
irrigation. It has been found that— 

(1) The rooting habit of the Sultana is shallow and widespreading, and 

a considerable overlap of the root systems of adjacent vines planted 
11 X 9 feet occurs, restricting the growth of the individuals. 

(2) Sub-soiling prior to planting increases the depth at which the main 

roots normally develop, though neither subsequent drainage nor 
irrigation has much effect in this respect. The depth of penetra¬ 
tion of the smaller roots, however, is controlled by drainage. 

(3) Root pruning occasioned by winter ploughing to a depth of 9-10 inches 

is l^neficial. 

(4) The feeding roots are annual structures, invariably associated with 

an endophytic mycorrhiza, and are developed at a depth of 6-10 
inches at the base of the cultivation zone. 

(5) The root growth commences about five weeks after the rise of the 

sap begins and three weeks after bud-burst. 

(6) The great mass of feeding roots present by the end of November are 

borne on new extension growth, which has arisen from the ascending 
laterals, decapitated during winter ploughing. 


I. Introduction. 


The importance of an exact knowledge of the root development of 
crop plants has become increasingly apparent during the last few 
years. The practice in the past has been to record the responses of 
a plant to any treatment by studying the reaction of the aerial portion 
only. It is now recognized, however, that an understanding of the 
reactions of the root system, which constitutes one-half of the indi¬ 
vidual plant, is often of paramount importance in planning experi¬ 
ments and interpreting the results. It is also of importance in deter¬ 
mining sound methods of tillage as well as a scientific procedure in 
the application of irrigation water and fertilizers. Eecent horti¬ 
cultural research in Australia into these questions has indicated the 
need for an investigation of the root development of our orchard trees. 
Such studies have been commenced, and the results obtained in respect 
to the sultana grape are pre^nted in this article. The immediate 
objects of the inquiry were— 


(a) to determine the normal type of permanent root system laid 
down under irrigation in the Mildura district; 


(i) to investigate the seasonal development of the roots, with 
special reference to the reaction of the feeding rootlets 
to the cultural practices and system of periodic irrigation 
obtaining in that settlement. 


* This inveetigatioa was carried out at the Commonwealth Research Station, Merbein. Victoria 
durinjt the years 1023 and 1020, while Mr. Barnard was an officer of that station. * 


t Botanist, Division of Plant. Industry, G.8.I Jl. 



2. The Structure of the Root System. 

The general structure of the vine root system may be regarded as 
analogous to that of the aerial portion of the plant, in that a number 
of main roots, which branch freely, form the framework of the system, 
and correspond to the branches. These roots are perennial, although 
growth ceases in winter and recommences in spring, the older portions 
becoming woody structures similar to the woody branches. On the 
youngest portions of these pennanent roots, small absorbing or feeding 
rootlets are borne, and these, in a sense, correspond to the leaves. They 
are of limited growth, hardly ever being more than li inches long, 
never becoming woody, and functioning for one season only. The 
root system of the sultana is thus composed of two types of roots, the 
permanent or extension and the temporary or feeding roots. 

The main roots originate from the base of the trunk at a depth of 
12 inches to 14 inches, and spread radially, sloping gently downwards. 
Their extent and degree of ramification depends principally on the 
age of the vine, though the number of main roots is not increased 
after the second or third year from planting. In the case of eight- 
year old vines, they normally attain a length of 9 to 12 feet, and at 
this distance have reached a depth of 18 to 20 inches. 

The smaller permanent roots arising from the main root system 
show a marked tendency to rise towards the surface of the soil, though 
a few are developed below the level of the main roots between 18 inches 
and 30 inches, and occasionally ‘‘plunging’^ roots of this order pene¬ 
trate to a depth of 4 feet. 

The feeding roots are, for the most part, borne on the ascending 
laterals, and form a zone 5 inches to 10 inches below the surface of 
the soil, but they may rise even closer to the surface when not dis¬ 
placed by cultural operations. 

3. Pennanent Roots. 

(a) Horizontal Distribution ,—The framework, as stated above, 
spreads in a horizontal plane in all directions, the main roots averag¬ 
ing approximately 10 feet. Some, however, reach 15 or 16 feet, and 
an occasional one may attain a length of 24 feet. As the vines are 
planted 9 feet apart in rows 11 feet apart, the roots overlap consider¬ 
ably, and the growth of each is reduced by competition. The effect 
of this overlap has been shown by means of a comparison between the 
end vine of the row and the third one. The circumference of the 
butt at a level of 6 inches above the ground and the amount of annual 
wood removed at pruning were taken as a measure of vegetative 
development. The figures obtained in this study were as follows:— 



Ko. of Vines. 

Mean Cir¬ 
cumference 
of Tnink. 

Difference. 

standard 
Error of 
Difference. 

Probability. 

Terminal vine 

19 

22’6 cm. 

2*4 cm. 

*66 cm. 

*0001 

Third vine 

19 

20*1 cm. 

•• 

•• 

•* 



Wt of 






Priminps. 




Terminal vine 

19 

6*6 lb. 

,, 

,, 


Third vine 

19 

4 -3 lb. 

1*2 lb. 

*31 lb. 

*00005 
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The greater vigour of the terminal vine is obviously due to the 
fact that the root system meets with no competition on one side. 

A similar examination on a field in which the end vine had been 
planted at an average distance of 6 ft. 8 in. from the second vine, 
whilst the second was placed at the standard 0 feet from the third, 
gave results just as conclusive in the reverse direction. Eleven pairs 
showed that the mean circumference of the terminal vines was 17.1 cm., 
and that of the third vines 20.7 cm. The mean difference is ;i.6 crn. 
The third vine is normal in size, and comparable to the third vine on 
other fields, but the closer spacing between tlie terminal and second 
vines had been more than sufficient to counter-balance the usual 
advantage enjoyed by the terminal plant. 

Deep ploughing operations at the end of winter actually help to 
decrease this overlap, as the main roots are often cut. This results 
in the formation of strong new growth in spring within the area allotted 
to each vine, and is undoubtedly a beneficial practice. The laterals 
ascending from the main roots are also cut severely by tlie deep 
ploughing. ^7ew extension growth, however, arises from the cut ends, 
and, growing horizontally, forms a mass of new roots at the base of 
the cultivation zone. Bunches of feeding rootlets arise from these 
new roots during the same growing season, while cultivation to a depth 
of approximately 5 inches prevents the feeding zone from rising nearer 
to the surface of the soil. 

(h) Vertical Distrihnfion .—The vertical distribution of the roots 
is correlat(?d with the soil profih* in which three distinct horizons are 
found in the first 3 feet of soil. These are described below— 

(i) The cultivated zone, which is divided into an upper tilth 
layer of approximately 5 inches and a lower layer representing 
the soil, which is disturbed only by deep ploughing. This second 
layer extends from 5 inches down to about 9 inches, and by 
reason of its slightly darker colour, is shar[)ly defined from the 
horizon beneath. 

(ii) A zone extending from 9 inches to a depth of approxi¬ 
mately 16 inches, composed of the same soil as horizon (i) and 
differing mainly in possessing a much lower humus content. 

(iii) Between 16 inches and 18 inches, horizons (ii) and (iii) 
merge into one another. Horizon fiii) is slightly h(*avier in 
texture than the overlying soil, and is generally characterized 
by the presence of leached nodules of lime, which give it a 
mottled or blotched appearance. This horizon extends to a 
varying depth, and becomes heavier below 36 inches. 

The distribution of the roots in relation to the soil profile is illus¬ 
trated in Figure 1. The main scaffolding roots lie at the junction 
of horizons fii) and (iii), whilst the tendency of the smaller roots 
which arise from them is to ascend through horizon (ii) to the 
basal layer of horizon (i), where they bear large masses of feeding 
rootlets along their ultimate branches. The depth and extent of each 
of the three horizons varies throughout the district, and this variation 
is more important than any differences in the texture of the soil in 
determining the vertical distribution of the roots. 

The distribution of the main roots is not modified by drainage 
subsequent to planting or by irrigation, but is markedly influenced 
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by the treatment of the soil prior to planting. Deep sub-soiling of 
the land before planting undoubtedly results in more deeply-seated 
main roots. 

The small roots, however, respond to 
the influences of irrigation and drainage, 
the former limiting and the latter inducing 
deep penetration. Even moderate irriga¬ 
tion witliout sufiicient drainage may limit q- 
the depth of penetration to within 24 inches 
of the surface. Natural or artificial drain¬ 
age on the other hand induces the - 
development of small roots in the sub¬ 
soil. In the case of natural drainage, 
the open texture of the sub-soil results 
in their more or less uniform distribution 
down to a depth of 3 feet, whilst in the 
case of artificially-drained land, though a 
general downward trend is manifest, it is 
only in the immediate vicinity of the drains 
that many roots occur at this depth. 

It may safely be stated that the ten¬ 
dency for the majority of laterals to ascend 
towards the surface and the occurrence of 
a definite horizon of feeding rootlets at 
the base of the cultivation zone is not a 
feature induced by irrigation, the habit 
of surface feeding being natural to the 
vine. 

4. Annual Growth. 

The feeding roots of the sultana are 

sharply differentiated from the permanent - 

or extension roots. They are of limited Fio. 1. —^The soil profile and 

growth, and do not form any secondary the vertical distribution of 
tissues. They attain a length of J inch roots, 

to lo inches, and rarely branch. For the 

most j)art they occur on the current season’s growth of the extension 
roots, and a new crop is produced annually. This type of feeding- 
root is quite different from the fibre type found in most orchard trees. 

The ascent of the sap about the middle of August indicates the 
commencement of root activity, though new root growth does not appear 
until the third week in September. During this period, the only 
feeding roots present are a few of the last season’s, the majority of 
which are decayed, brownish or black in colour, and devoid of any 
functional root hairs (1, Figure 2). In view of this fact, it is most 
remarkable that the flow of sap before the appearance of the new growth 
has been sufiicient to bring about bud burst and initiate the early growth 
of the shoots. 

The mechanism by means of which the vine is able to absorb 
moisture so rapidly during this period is not understood at present, 
but it seems probable that the endophytic mycorrhiza which is men¬ 
tioned below, may play an important role in this connexion. 
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Such a late development of new root growth has also been 
recorded in France,* but is contrary to the common belief that the 
bleeding of the vine is caused by tne absorption of water by newly- 
formed roots.f 

The first new growth consists of a few feeders arising on the 
previous season’s elongation growth (2 (a), Figure 2) and extensions 
of the permanent roots (2 (ft), Figure 2). The most marked develop¬ 
ment of the latter occurs nOar the surface of the soil, and originates 
from the ascending laterals, which have been decapitated during the 
winter ploughing operations. Two to six strong new extensions arise 
from the cut ends of such roots. The development of the new feeding 
rootlets is comparatively slow during October, and the stage 
reached towards the end of the month is illustrated in 3, Figure 2. 
About this time, new feeders appear at the base of the new elongation 
growth, which is shown in solid black in 4, Figure 2. The develop¬ 
ment of new extension root growth then becomes very rapid. By the 
third week in November these roots have reached lengths of 7 inches 
and 8 inches, and are covered with large numbers of feeder roots 5, 
Figure 2. 

The young rootlets produce root hairs fairly abundantly early in 
the season, but by the end of November most of the feeders are mature, 
and there are very few rootlets with functional root hairs. 

The effect of irrigation depends on the time of application, thus— 

(a) Watering at the end of November results in the formation of 
white tips on the extension of growth and on some feeding rootlets, as 
well as in the formation of a few feeding rootlets on older roots. The 
average extension arising as a direct result of this irrigation was about 
2 inches. The new growth soon turned brown, and growth apparently 
slowed down again approximately three weeks after the application of 
water. 

(ft) Watering at the beginning of January has the same effects, but 
the extensions to the permanent roots average only 1 inch. Later 
irrigations have a less marked and more temporary effect. 

An endophytic mycorrhiza is invariably associated with the mature 
rootlets and a preliminary study of its development through the season 
has been made. It would appear that though at first the fungus is 
parasitic, the rootlets quickly react to its presence, and digestion of the 
hyphae to a certain extent takes place. The role played by the 
mycorrhiza in the nutrition of the vine is a subject, however, which 
requires further investigation. 
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The Chemical Treatment of Baits for Attracting 

Blowflies. 1. 


By Martin /?. Freney* B,Sc, 

{Published on the recommendation of the Joint Blowfly Committee.'^) 

In submitting the following paper by Mr. Freney for publication, 
the Joint Blowfly Committee realizes that in ordinary circumstances it 
would have been preferable to await the results of further experimental 
work. The present strike season for Canberra is practically at an end, 
however, and several months must elapse before similar experiments 
can be conducted there. In the warmer districts, nevertheless, it will 
be possible for pastoralists to test the now baits on a large scale, and 
information regarding the results observed will be greatly appreciated. 
Although the pure form of sodium sulphide was used by Mr. Freiiev 
for obvious reasons, in all probability the commercial product, whicn 
is comparatively cheap, will prove equally satisfactory. 

Not only will pastoralists who are endeavouring to cope with the 
blowfly pest by means of trappi/ig be greatly interested in these experi¬ 
ments, but investigators of the problem as it occurs in other parts of 
the world will be equally interested. In Furope and North America, 
the latter will have opportunities of continuing or initiating experiments 
along similar lines during their strike season which is now approaching. 

For these reasons publication is considered advisable at the present 
juncture. 

J. A. GILRUTH, 

Chairman of Joint Blowfly Committee. 

In an earlier paper (this Journal 5:28, 1932), it was shown that 
a mixture attractive to primary blowflies could be obtained by hydro¬ 
lysing keratin by means of sodium sulphide. This work has now been 
extended to include other substances which are rich in protein. Among 
these have been fresh slieep’s liver and blowfly soup,^’ two of the baits 
most commonly used by pastoralists in blowfly traps. The present 
paper deals with the results obtained by treating those two baits with 
sodium sulpliido. 

Experiment I. 

Set up 8th February, terminated 4th March, 1932. Two small 
traps designed by Dr. A. J. Nicholson for use in experimental work 
were used. 

Trap A was baited with 50 grams of fresh sheep’s liver, to 
which 20 c.cs. of water was added. 

Trap B was also baited with 50 grams of fresh sheep’s liver 
and 20 c.cs. of water in which 5 grams of hydrated crystalline 
sodium sulphide was dissolved, i.e., a 20 per cent, solution. 
Each day flies were removed from the bait-pan of both traps, and 
water was added to replace that lost by evaporation. The flies caught 
were killed, counted, and classified daily. 

Trap A caught significant numbers of flies on the 1st to the 4th, 
and on the 7th to the 10th days of exposure. From the 10th to the 
25th day, fourteen flies were caught. Numerous maggots developed 
in this bait, and by the 9th day the solid bait had become almost 
completely liquefied. The catches obtained in Trap B showed some 
fluctuations, but maintained a fairly steady average rate right to the 
end of the experiment. Very few maggots matured in this bait. 


* Biochemist, Division of Economic'Entomology.’ 
t Composed of representatives of the Oouncil and of the New 
Agriculture. (See this Journal, Eebmary, 1932, page 28) 
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The results of the experiment are shown in the following table 
and graph:— 

Table 1. 




Number of Flies. 

1 

I 

Number of Flies. 



First 9 days* exposure. 

Total 25 days’ exposure. 


Trap A. 

Trap B. 

Trap A. 

Trap B. 


1 Untreated. 

Treated. 

Untreated. 

Treated. 

Primary Flies— 

females. 

males. 

females. 

males. 

females. 

males. 

females. 

males. 

L. euprina .. .. 

20 

3 

17 

18 

20 

3 

60 

45 

L. Bfrirata .. 

1 


3 

1 

1 


0 

6 

C. gtf/gia 

18 


18 


18 


87 

4 

C. augur 

459 

io 

918 

31 

460 

19 

2,858 

186 

Secondary Files— 









Ch. rufifaeiea 

61 

.5 

265 

18 

64 

5 

683 

184 

M. varipea 

53 

30 

55 

843 

Sarcophaga spp. 

8 

22 

16 

i 

>3 

Primary Green Flies .. 

24 

3-7% 

39 

2- 9% 

24 1 

3-6% 

120 

8*0% 

Primary Brown Flies .. 

496 1 

76-7% 

967 

72-1% 

497 

75-2% 

2,585 

64*6% 

Secondary Files 

127 1 

19-6% 

335 

25-0% 

140 

21*2% 

1,.303 

82*6% 

Total .. 

647 

100% 

1,341 ! 

100% 

661 

100% 

4,008 

100% 


Notf. —Primary Green Piles are Lucilia euprina and Lucilia sericata. Primary Brown Flies arc 
CaJhphora stygin and Calhphora augur. Secondary Flies are Chryaomyia rufifaeiea, Microcalliphorc 
varii^B and Sarcophaga spp. 



Graph 1. Daily catch of blowflies. Broken line Trap A (untreated bait); 
continuous line Trap B (treated bait). The points have been determined by a 
three point method of moving averages to show clearly the general trend of the 

catches. 


This experiment showed that— 

(i) the period of attractiveness of the sulphide-treated bait 

was much longer than that of the untreated bait; 

(ii) the sulphide-treated bait was more attractive to all species 

of blowflies than the untreated bait; and 

(iii) the increased attractiveness due to treatment was somewhat 

greater for secondary flies than for primary flies. 

A similar experiment using Western Australian traps and larger 
baits was set up on the 4th March. Cold and rainy weather inter¬ 
fered considerably with this experiment, and the results were not con¬ 
clusive, but again the treated traps caught a larger number of flies 
and remained attractive for a longer period than the untreated traps. 

Experiment 2. 

Set up 29th February, terminated 24th March. Blowfly soup ” 
was prepared by allowing trapped blowflies to putrefy in water in a 
Meteor trap for five days. The soup was stirred and divided into two 
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portions, each of three litres. Standard Western Australian traps* 
were baited with these, and to one was added 50 grams of crystalline 
sodium sulphide. Water was added from time to time to make up 
for that lost by evaporation. Despite unfavorable weather during the 
latter part of the experiment, the results were well defined and are 
shown in Table 2. For comparison, the analysis of a week’s catch 
in Miss Fuller’s seasonal record Western Australian trap (whicli is 
baited with 1,000 grams of fresh liver) is shown in the first column. 

Table 2. 



Fresh Liver. 




Blowfly Soup. 




— 

Ist March to 
8th March, 10:i2. 

. 

8 (lays—^29th February to 8th 
March, 1932. 

24 days—29th February to 
24th March, 1932. 


Control. 

Untreated. 

Treated. 

Untreated. 

Treated. 

Primary Flies— 

L. eupnna 

L. Bericata 

C. Btygia 

C, augur 

Secondary Fllea— 
Ch. rufifacieB .. 

M. tHtripeB 
Sareophaga spp. 

50 

45 

450 

5,200 

5,500 

4,350 

150 

iemalea. males. 

4 6 

2 

61 29 

1,046 87 

61 45 

140 1 

324 

females, males. 
80 

SO J5 

520 125 

4,460 590 

10,800 4,170 

9.800 

630 

females, males. 

4 6 

2 

62 29 

1,050 89 

64 46 

148 

444 

females, males. 
85 

40 IS’ 

1,090 140 

6,060 8:10 

12,110 4,590 

11,490 

810 

Primary Oreen 
Flies 

Primary Brown 
Files 

Secondary Flies .. 

95 

5,650 

10,000 

0-6% 

36*0% 

63*4% 

12 

1,223 

570 

0*6% 

67-5% 

31-9% 

125 

5,695 

25,300 

0-5% 

18-4% 

81-1% 

12 

1,234 

700 

0-6% 

63-2% 

36-2% 

140 

8,120 

29,000 

0-4% 

21*8% 

77-8% 

Total 

16,745 

100% 

1,805 

100% 

31,120 

100% 

1,952 

100% 

37.210 

100% 


This experiment showed that— 

(i) the period of effective attractiveness of the sulphide-treated 

bait was much longer than that of the untreated bait, the 
former catching 15,000 flies and the latter 300 flies between 
the 4th and 24th days of the experiment; 

(ii) the untreated bait was much less attractive than either fresh 

liver or the treated blowfly soup; 

(iii) the treated bait was as attractive for primary flies, and more 

than twice as attractive for secondary flies as the fresh 
liver during the first eight-day period; 

(iv) the total effectiveness of the treated bait was nineteen times 

that of the untreated bait; and 

(v) treatment increased the attractiveness of the bait for all 

blowflies, but more for secondaries than for primaries. 

Discussion. 

Although the work is in an early stage, two important facts have 
been demonstrated and are worth recording. In the first place, it has 
been shown that the attractiveness of the bait to all species of blowflies 
can be increased by the sulphide treatment. This applies to the period 
in which the untreated bait is also attractive, i.e., to the first eight to ten 
days of exposure under the weather conditions prevailing at the time 
of the experiments. Thus, during this ^i^riod, the ratio of the blowflies 

* Keteor traps are not satisfactorr for this work beeause the flies attraotsd oannot be 
counted or claa8iii<Kl aeeuratel]r. 
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caught by the treated bait to those caught by the untreated bait was 
2:1 in Experiment 1 and 16:1 in Experiment 2. Most remarkable 
was* the increase in the attractiveness of the blowfly soup. This bait 
has many advantages for practical use, but it has been shown in this 
laboratory that its attractiveness is distinctly lower than that of fresh 
liver. It now appears probable that this fault can be overcome by 
chemical treatment. 

The increase in attractiveness is in general greater for secondary 
flies than for primary flies. This may be a disadvantage, but it is 
not proposed here to discuss its significance. Certain observations, 
however, suggest that this may be overcome by further treatment of 
the bait. 

The second effect of the sulphide treatment is to prolong the period 
of attractiveness of the bait. This effect was more marked in Experi¬ 
ment 1 than in later work, and some observations made by Dr. Nicholson 
suggest that this prolongation is likely to be more pronounced in hot 
weather than in cold. How far it is due to direct chemical effects on 
the bait and how far to the deleterious effect on the sulphide on the 
maggots, which would otherwise devour the bait, has not been deter¬ 
mined. The significance of this observation is that it opens up the 
possibility of less frequent baiting of traps than is at present prac¬ 
ticable, a matter of considerable importance to those graziers who use 
blowfly traps. 

The combined result of the increased attractiveness and the 
lengthened period of attractiveness is greatly to increase the efficacy 
of traps in which treated baits are used. Thus, the ratio of flies 
caught with the treated bait to those caught with the untreated bait 
over the whole period of the experiments was:—Experiment 1, pri¬ 
maries 5:1, all blowflies 6:1; Experiment 2, primaries 6.6:1, all 
blowflies 19:1. These results are in striking contrast with those 
obtained by Laake, Parman, Bishopp, and Roark* using potassium 
sulphide. These authors, however, do not give sufficient information 
to enable their results to be criticized. 

In these experiments, certain arbitrary strengths of the hydrated 
crystalline sodium sulphide, which contains approximately 30 per cent, 
of the anhydrous sulphide, were used. Further observations are being 
made on the effect of the fused sulphide, which is both cheaper and 
stronger than the crystalline form. So far, these have indicated that 
high concentrations are not satisfactory. 

To summarize, progress may be reported in the improvement of 
baits by chemical treatment, but further work is required at a favorable 
time of the year to determine— 

(i) the correct amount of sodium sulphide to use under different 

conditions; 

(ii) whether other chemical substances will produce a similar 

effect; 

(iii) the effective duration of attractiveness of treated baits in 

warm weather; and 

(iv) whether the attractiveness of the treated baits for primary 

flies can be increased. 

The author is indebted to Miss M. Fuller and to Dr. A. J. Nicholson 
for permission to discuss unpi^ibli^ed w; 9 rk, and to. Dr, I. M. Mackerras 
for help and advice in interpreting the results. . 

* U.b. D»pt. of Agrio. Technical Bulletin 270, November, 1081. 
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Caseous Lymphadenitis: 

Ingestion as a Method of Infection of Sheep with the 
Preisz-Nocard Bacillus. 

By H. R. Came* B.V.Sc. 

{From the PcUhohgy De'partment, F. D. McMaster Animal Health 

Laboratory.) 

1. Introduction. 

Although iu Australia caseous lymphadenitis is generally believed 
to be contracted by sheep as a result of the entrance of Preisz-N^ocard 
bacilli through wounds of the skin, certain of the earlier investigators 
of this disease were of the opinion that infection was most commonly 
due to the ingestion of food material contaminated with the causal 
bacillus. Carre and Bigoteau (1908) investigated a disease of ^Jieep 
ill France which in their opinion was due to an infection by the Priesz- 
Nocard bacillus, with subsequent toxaemia due to the production of toxin 
by these bacilli, which were restricted to limited foci of infection in 
lymphatic glands. Small purulent foci w^ere found in the pharyngeal 
and retropharyngeal lymphatic glands in natural cases of the disease, 
and in these foci, pure infections of the Preisz-ITocard bacillus were 
demonstrated. These investigators considered that the usual portal 
of entry of the causal microbe is the alimentary canal, by way of slight 
injuries to the buccal mucosa, tho organism being carried to the nearest 
lymphatic gland and there producing its lesions. A condition com¬ 
parable with this acute intoxication by the Preisz-N’oeard bacillus has 
never been reported in Australia, and abattoir statistics have shown 
that infection of lymph glands draining any part of the alimentary 
canal is rare. Gilruth (1902), who made extensive investigations of 
the occurrence of this disease in New Zealand, stated that pharyngeal, 
parotid, or sublingual lymphatic glands were never seen affected. 

Cramp (1929) has recently made detailed post-mortem examinations 
of 2,378 sheep. Submaxillary lymphatic glands were found affected 
in only two cases, and pharyngeals in one. Extensive unpublished 
observations by the Meat Export Branch of the Commonwealth Depart¬ 
ment of Markets! have provided ample confirmation of the rarity of 
primary lesions associated with the alimentary canal. 

A number of experiments in Avhich sheep and also small experimental 
animals have been drenched with either caseous material from natural 
lesions, or with cultures of the Priesz-Nocard bacillus, have been 
reported. 

Norgaard and Mohler (1899) gave to sheep food mixed with caseous 
material from natural lesions. No lesions were found on slaughter 49 
days later. Seddon (1929) drenched three sheep with culture, and 
two with pus. Of those which received culture, two developed lesions 
in submaxillary, retropharyngeal, mediastinal, and prescapular lymphatic 
glands (after 60 days), and one of those which received pus developed 
lesions in submaxillary and retropharyngeal glands. The three sheep 

* Lecturer in Pathology and Bacteriology, University of Sydney. ’ 

t Now Department of Commerce. 
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that became affected all showed lesions in the lymph glands of the head, 
and it appeared that the lesions present in other parts of the body were 
secondary to these. iNTo lesions were present in the abdomen or thorax. 

Came and Clunies Ross (1931) drenched seven young sheep with 
massive doses of culture on two, and in some cases three, occasions. 
When killed from 37 to 51 days after drenching, three were found to 
have young lesions of caseous lymx)hadenitis in the submaxillary 
lymphatic glands. 

So common is this disease in sheep that all infection experiments 
with sheep are open to the serious criticism that one has no definite 
proof that lesions found on post-mortem examination did not exist prior 
to the experiment. If care is taken, however, to use only young animals 
from flocks in which it is known that incidence of the disease is very 
low, significance can be placed upon the finding of lesions, particularly 
if these are examined histologically, as it is possible in this way to dis¬ 
tinguish a young from an old lesion. This can be done with consider¬ 
able accuracy even by the naked eye. 

Although the behaviour of one species of animal cannot he pre¬ 
sumed from that experimentally demonstrated in another species, the 
use of guinea-pigs for dreiudiing exxieriments with the Preisz-Nocard 
bacillus has the advantages that this micro-organism produces a similar, 
though more severe, disease to that which occurs in the sheep, and, 
further the guinea-pig, while being quite susceptible to experimental 
infection by various routes, is not found naturally affected with the 
disease, as is the she(*p. Drenching experiments can therefoi*e be carried 
out under mucli more satisfactory conditions. 

I'^'orgaard and Mohler (1899) fed guinea-pigs with diets contaminated 
with culture. Death took place in five to eight w(‘eks witli lesions in 
the lymph glands draining the mouth and throat, and also later in other 
parts of the body. (Rabbits developed similar lesions after feeding 
culture with food, and Gilruth (1902) reported a jjositive infection by 
way of the alimentary canal in a rabbit). Recently, Dickinson and Bull 
(1931) have reported the results of drenching 99 guinea-pigs with culture. 
Of these, 59 animals became affected. Approximately half of the 
affected animals showed involvement of the cervical or subinaxillary 
lymphatic glands. The distribution of lesions in some of the animals 
was of particular interest. In three animals, involvement was con¬ 
fined to the superficial lymph glands. Mediastinal lymphatic glands 
were only affected in three animals. From this experiment it is clear 
that, in some guinea-pigs at least, involvement of the superficial lym¬ 
phatic glands may occur without infection being introduced through 
external injuries of the tissues drained by these glands. 

We have been struck by the fact that, in both sheep and guinea- 
pigs, which have become infected as the result of drenching, lesions of 
the alimentary canal and its associated lymph glands, i.e., caudal to the 
pharynx, are rare. In sheep, when infection occurs as the result of 
drenching or feeding, the experimental evidence indicates that the 
portal of infection is the mucous membrane of the mouth or pharynx, 
knd quite a large proportion of guinea-pigs show lesions of the lymph 
glands draining these cavities. In the buccal cavity, injuries to the 
mucous membrane may be Caused by eruption of teeth, scratches by 
rough forage, &c., and such injuries act as portals of entry for the 
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causal bacilli in the same way as do injuries to the skin. It appears 
that, provided the Preisz-Nocard bacillus gains entrance to the huccal 
cavity, infection may take place via the buccal mucosa. 

It is known that the lower part of the alimentary canal—stomach, 
small and large intestines—are by no means exempt from traumatic 
injury in the sheep, particularly by parasitic worms which are so con¬ 
stantly present, and frequently in large numbers. It would appear, 
therefore, that injuries of the gastric and intestinal mucosae are not 
lacking, and thus potential portals of entry for the Preisz-Nocard 
bacillus are numerous, yet in contrast with the findings in the buccal 
cavity, both naturally infected animals and animals which have been 
experimentally drenched, fail to show lesions of the lymph glands 
draining this part of the alimentary canal. We have shown (Came 
and Clunies Koss, 1931) that even though widespread injury to the large 
and small intestine is produced by experimental infestation with large 
numbers of Oesophagostomum columhianum, and then massive repeated 
doses of culture of Preisz-Nocard bacilli are administered by drenching, 
thus providing a far greater concentration of the infective agent in the 
ingesta than could ever occur under natural conditions, yet even*then 
lesions of caseous lymphadenitis of the stomach and intestines or their 
associated lymphatic glands did not occur except in one doubtful case, 
which may have been a secondary lesion. 

As the result of these observations, we have been led to consider the 
possibility of the gastric secretion having a destructive action on the 
Preisz-Nocard bacillus which reaches the abomasum. On the sup¬ 
position that the gastric juice might possess such an injurious effect, 
the following experiments were carried out to ascertain the result of 
introducing cultures of this organism per rectum. 

2. Ingestion Experiments with Sheep. 

Experiment 1.—sheep was starved overnight, and the next morning 
given a purgative drench of magnesium sulphate. The animal was 
then starved, but allowed water for 24 hours, in order to allow the 
alimentary canal to be emptied as completely as possible. The rectum 
was finally washed out with copious enemas of water. By means of 
a sling around the loins, the hind-quarters of the animal were raised 
well above the level of the head, so that any fluid introduced per rectum 
would gravitate forward in the intestine. A rubber tube was then 
passed 3 feet along the colon, and through it was administered the 
combined cultures of Preisz-l^ocard bacilli from seven agar slopes. 
The animal was kept in this position for twenty minutes, and then set 
free. This procedure was repeated in three days’ time. Three weeks 
later, this sheep was killed, and no lesions of caseous lymphadenitis could 
be found throughout the body. 

Experiment 2.—This was a repetition of Exp. 1, only in this case the 
sheep was not killed till six weeks after culture was administered, and 
post-mortem examination included culturing material from the lym¬ 
phatic glands draining the intestines. No lesions of caseous lympha¬ 
denitis wore detected, and cultural examination of lymph glands was 
negative. 

The following experiments were designed to ascertain whether the 
filtered gastric juice of the sheep had any demonstrable injurious effect 
on the Preisz-Nocard bacillus. 
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Experiment 3.—The abomasal contents of four sheep were collected 
in clean bottles immediately the animals were opened up after 
slaughtering. Bottles were then packed in freezing mixture, and brought 
straight to the laboratory. This occupied approximately half an hour. 
Each sample was then filtered through paper, and finally filtered through 
either a Seitz EK special filter pad, or a Chamherland L3 candle. 
Some of each filtrate was then sown on serum broth to test for sterility. 
(All proved subsequently to be sterile). Of each remaining filtrate, 
5.0 CCS. was introduced into a sterile test-tube, and placed in the incubator 
at 37° C. in order to bring it to blood heat. To each was then added 
two standard loopfuls of a 48-hour serum broth culture of Preisz-Nocard 
bacilli, which had been rendered as free from clumps as p09sib|le. 
Tubes were then agitated and replaced in the incubator. Subsequently, 
two standard loopfuls were removed and spread over the surface of serum 
agar plates at the end of the following periods after initial introduction 
of culture:—10 minutes, 25 minutes, 50 minutes, 1 hour 15 minutes, 
1 hour 25 minutes, 1 hour 35 minutes, 1 hour 45 minutes, 2 hours, and 
2^ hours. It was not considered necessary to continue observations over 
longer periods, as 2J hours is about the maximum period that food would 
stay in the abomasum. 

A control series of plates was run to each sample of gastric juice, con¬ 
sisting of a similar quantity of saline, into which were introduced two 
standard loopfuls of culture. 

The results are shown in Table 1. 


Tmu.k 1. 


Time in 
Minnt<?« 

Sample A. 

Sample B. 

Sample C. 

Sample D. 

Oastric 
Juice. 
Approx. 
No. of 
Colonies. 

Saline 
(Control. 
Approx. 
No. of 
Colonies. 

Gastric 
Juice. 
Approx. 
No. of 
Colonies. 

Saline 
Control. 
Approx. 
No. of 
Colonies. 

Gastric 
Juice. 
Approx. 
No. of 
Colonies. 

Saline 
C’ontrol. 
Approx. 
No. of 
Colonies. 

Gastric 
Juice. 
Approx. 
No. of 
Colonies. 

Saline 
Control. 
Approx. 
No. of 
Colonies. 

10 

600 

400 

600 

600 

400 

20* 

400 

200 

25 

500 

500 

160 

400 

400 

400 

600 

300 

60 

600 

600 

160 

600 

160 

100* 

600 

600 

76 

160 

600 

60 

600 

30 

600 

600 

600 

85 

600 

600 

60 

600 

8 

400 

600 

600 

95 

600 

600 

22 

300 

12 

400 

600 

400 

106 

600 

600 

17 

600 

2 

600 

600 

600 

120 

600 

600 

5 

600 

6 

400 

600 

600 

160 

600 

j 400 

2 

400 

0 

400 

600 

600 


* Plates badly spread, resulting in confluent colonies, which could not be accurately counted 
or estimated. 


This experiment showed in samples B and 0 a definite decrease in the 
number of colonies on the plates sown with organisms which had been 
exposed to the action of gastric juice as compared with those which had 
been in saline under the same conditions. No significant difference 
occurred between samples A and D and their respective controls. 

A second experiment of the same design was carried out, using a large 
collective sample of gastric juice from over 20 sheep instead of separate 
samples from individual sheep. The results of this experiment, how¬ 
ever, showed no significant difference between the number of colonies 
C.4013.—2 
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which developed on test and control plates. Because of our inability to 
confirm the suggestive results obtained in Exp, 3, the results of this 
experiment must be regarded with reserve. 

The experimental observations available show quite definitely that 
sheep can be infected by ingestion or drenching of Preisz-Ifocard bacilli. 
Such experimental administration of virulent organisms leads in most 
cases to infection of the lymphatic glands draining the buccal cavity, 
infection of the more caudal portions of the alimentary canal being rare. 
Since post-mortem evidence at the abattoirs shows that infections of 
lymphatic glands both of the gastro-intestinal tract and of the buccal 
cavity are very exceptional in sheep becoming infected under natural 
conditions, this would indicate that infection by ingestion, though 
possible, is not a common method of infection in sheep under natural 
conditions. 

The experimental evidence suggests that Preisz-Nocard bacilli which 
reach the lumen of the intestine either by traversing the abomasum or 
by introduction per rectum, do not find suitable conditions there for 
penetrating into the tissues of the host to produce? their characteristic 
lesions. 
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Caseous Lymphadenitis: The Growth of the 
Preisz-Nocard Bacillus in Sheep Faeces. 


By f/. R, CarnCt^ B.V.Sc. 

(From the PcUhology Department, F, D, McMaater Animal Health 

LahorcUory,) 

1. Introduction. 

"The natural method or methods by which sheep contract infection by 
the Preisz-Nocard bacillus has naturally attracted special attention in 
the investigation of caseous lymphadenitis. Extensive detailed post¬ 
mortem observations on the distribution of the lesions of this disease have 
been made by veterinary officers of the Meat Export Branch of the 
Commonwealth Department of Markets, and by members of the veteri¬ 
nary staffs of the State Abattoirs (e.g., R. C. Cramp (1929).* These 
observations have emphasized the fact that the great majority of lesions 
are found in lymphatic glands draining the superficial parts of the body, 
whereas primary lesions of the alimentary canal are rare. Lesions are 
sometimes found in internal organs, not uncommonly in the lungs, and 
less frequently in the liver, kidneys and spleen, but such visceral lesions 
are metastatic infections, resulting from transportation of the causal 
bacilli by the lymph stream from affected superficial lymphatic glands 
to the lungs, and from there extensions may occur by organisms escaping 
into the general circulation, leading to their eventual arrest in various 
visceral organs, which appear to be predilection seats for the bacilli. 

The preponderance of lesions in superficial lymphatic glands, 
together with clinical evidence collected in the field, strongly supports 
the view that the common natural method of infection is by the causal 
bacillus gaining entrance to the superficial parts of the body via wounds 
of the skin. The rarity of primary lesions of the alimentary canal 
®^^&®sts that infection via the alimentary canal is at least not a common 
natural method. The fact that primary lesions of the alimentary canal 
are not observed, however, does not exclude the possibility of infection 
taking place by this route. Experiments with the causal bacillus of 
glanders of horses have shown that at times when organisms were 
administered in sterile boluses from which the glanders bacilli were not 
liberated until disintegration had resulted from the action of gastric 
juice, primary lesions were observed in the lungs, and no evidence of any 
injury to the alimentary canal could be detected, the glanders bacilli 
apparently being able to penetrate through the bowel wall, possibly 
enclosed within phagocytic cells, without injury to the alimentary canal. 

Carre and Bigoteau,! working in France, have expressed the opinion 
that ingestion of contaminated foodstuffs is a common method of infec¬ 
tion. This opinion appeared to be based largely on the observation that 
the Preisz-Nocard bacillus was able to multiply readily in sterilized 
sheep faeces. Although the evidence provided by the post-mortem obser¬ 
vations on the distribution of lesions in naturally infected animals, and 
the negative results followi ng drenching of cultures to sheep, have been 

• Now Soutli Walc*8 Department of Agriculture, Veterinary Research, Report No. 4, p. 32 (1929). 

S Lecturer in Veterinary Pathology and Bacteriology, University of Sydney. 

t Uev. gM, ile in4d. 17 : 438, 1908. 
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recorded by several investigators, Dickinson and BullJ have recently 
shown that drenching guinea-pigs with cultures of the Priesz-Nocard 
bacillus may apparently be followed at times by the development of 
lesions of the superficial lymphatic glands, without any observable lesions 
in the alimentary canal, or the lymph glands which drain it. 


2. The Growth of the Preisz-Nocard Bacillus in Sheep Faeces. 

If the Preisz-Nocard bacillus were able to grow in sheep faeces, as 
claimed by Carre, it appeared that such an abundant medium would 
serve as an excellent means of propagation of the organism oiitsid(3 the 
animal body, as it will grow quite readily at ordinary room tempera¬ 
tures on artificial culture media. Furthermore, if this organism were 
able to grow readily in sheep faeces outside the animal body, it might 
also be able to grow even more readily in the contents of the alimentary 
canal. If such a state of affairs existed, the numerous injuries to the 
mucous membrane of the bowel wall, caused by tlie worm parasites to 
which the sheep is susceptible, and with which it is so commonly 
infested, would provide the necessary portals of entry for the organisms 
into the tissues. 

Confirmation of Carre’s observation was ther(‘fore souglit hv cai'ry- 
ing out the following experiments:— 

A. Sterilized Sheep Faeces, 

Experiment 1.—A sample of sheep faeces was collected at random 
from the experimental sheep pens. This was rubbed up in a mortar 
with tap water till of a soupy consistence. This liquid was then tubed 
and autoclaved at 120^ 0. It was found that a loopful of broth culture 
of the Preisz-Nocard bacillus seeded into this culture medium and incu¬ 
bated at 37^ C. grew readily, so that after 48 liours incu})ation, exami¬ 
nation of a loopful of culture revealed several thousand- bacilli in each 
microscopic field. The point was not satisfactorily settled by this simple 
initial experiment, however. On mentioning this favourable result to 
two of our colleagues, we were surprised that they had carried out 
similar experiments without obtaining growth. On repeating the experi¬ 
ment ourselves, we found on this second occasion no (‘vidence of multi¬ 
plication of the organisms used for seeding, though these had still 
remained alive. 

The following experiment thre^v some light on these negative 
results:— 

Experiment 2.—Three lots of sheep, (a), (h) and (c), containing 
six, four, and six animals respectively, were fed on the following diets 
for a period of one week:— 

(a) Green field peas. 

(fc) Oaten chaff and bran. 

(c) Green grass growing around the Laboratory (composed of 
couch (Cynodon dactylon), 60 per cent., clovers and 
medics, 20 per cent.; Poa annua, 15 per cent.; Paspalum 
dilatatum and Taraxacum densleonis together constitut¬ 
ing 6 per cent.). 

t Au«t, Jour. Expt. Biol. Med. Sei , 8: 83, 1981. 
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At the end of this period, a collective sample of faeces was taken 
from each lot. The hydrogen-ion concentration of each collective 
sample was determined and found to be as follows• 

(a) pH — 6.6. 

(h) pH = 6.5. 

(c) pH = 7.3. 

A portion of each sample was then rubbed up with sufficient distilled 
water to reduce it to the consistence of thick porridge. This was poured 
in layers about 1.0 om. deep in Petri dishes, which were then sterilized 
by autoclaving at 120® C. for 30 minutes, and subsequently found to be 
sterile. 

Petri dishes prepared from each sample were then inoculated with a 
1.10 dilution in physiological saline of a broth culture of Preisz-Nocard 
bacilli, which had been rapidly centrifuged for several minutes to throw 
down the larger clumps. A small depression was made in the centre of 
each dish by pressing down the medium with the end of a sterile glass 
rod. Into these depressions was placed one loopful of the diluted cul¬ 
ture. By cultural tests of serial dilutions on serum agar plates, it was 
ascertained that tliis loopful of seeding material contained at least 
42,000 organisms. The Petri dishes were then incubated at 37® C. 
After seven days, distinct small greyish colonies were seen to develop 
around the site of inoculation in several dishes containing faeces from 
animals fed on green pcjas. These proved to be pure colonies of Preisz- 
Nocard bacilli. 

A loopful of faeces was taken from each plate at three points 
approximately 2.5 cms. from the site of inoculation, and also three more 
loopfuls from the margin of the plate, and all were sown into tubes of 
serum broth. In two of the dishes containing faeces from sheep fed on 
green field peas, a pure culture of Preisz-Nocard bacilli was obtained 
from material taken from points 2.5 cms. from the site of inoculation, 
and also from the margin of the culture (dishes were 9 ems. in diameter). 
Smears made from the faeces at the edge of the plates in these dishes 
showed approximately 200 organisms per microscope field. 

In all plates except those containing faeces from sheep fed on green 
field peas, no evidence of growth was obtained, either by cultural 
methods or by direct microscopical examination of the faecal culture 
medium itself in smears. 

This experiment indicated that the nature of the foodstuflF on which 
the sheep has been nourished may play an important part in deter¬ 
mining w'hether the sterile faeces will he a suitable culture medium for 
the organism. It should be noted that the amount of liquid used as 
seeding material was too small to account for spread of the organisms 
to the edges of the culture medium by .simple carriage in streams sot up 
by capillarity, and though a large number of organisms was present in 
the inoculum, there was definite increase in these as evidenced by the 
large numbers of organisms present in smears of material from various 
points round the margin of the plates. 

Experiment 3.—Five sheep were fed for fourteen days on green field 
peas. A collective sample of faeces was used to prepare petri dishes of 
sterilized faeces as in Exp. 2. A plate was then sown with a loopful of 
dilution of broth culture of Preisz-Nocard bacilli, which contained the 
following numbers of organisms as determined by the plating out 
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method:—(a) 450, (b) 266, (c) 120, (d) 33, and (e) 2. (Note.— 
These counts can only be taken as a very approximate indication of the 
number of individual bacteria present in seeding material because of the 
characteristic spontaneous clumping of the organisms in cultures.) 

Plates sown with all dilutions showed visible colonics at the site of 
inoculation from four to seven days after seeding. Portions of faeces 
removed from the margins of the plates, and sown on serum broth eight 
days and fifteen days after seeding in no case showed the presence of 
Preisz-Nocard bacilK. 

In this experiment, although visible growth took place on the surface 
of the medium at the site of seeding, apparently no extension of growth 
through the substance of the medium to the margin took place. 

Experiment 4.—Similar material was used to that employed in the 
preceding experiment, but instead of being placed in petri dishes, which 
were sown on the surface, the faeces were sterilized in test-tubes, and 
then seeded with the same dilutions of culture as used in Exp. 3. When 
examined after eight days incubation at 37° C., a definite marked 
increase was found to have occurred in all tubes, as determined by ijie 
method of plating out dilutions. 

Experiment 6 . —Faeces were collected separately from three sheep 
which had been fed on green cow-peas for fourteen days. This experi¬ 
ment was a repetition of Exp. 4, only a different lot of sheep was used, 
and the faeces from individual sheep were tested separately. Plates 
were incubated for eight days. In no plate did visible colonies appear, 
nor did the organisms appear to have grown through the substance of 
the medium, as portions of the medium taken from margins of the plates 
failed to show the presence of bacteria when sown in serum broth. Defi¬ 
nite multiplication occurred, however, in tubes of mixed faeces from these 
three sheep sown with the same dilutions of culture at the same time as 
the plates. This may be explained by the greater quantity of water 
present in the tubes, the plates being somewhat drier than earlier 
Wtches. 

Experiment 6.—Faeces were collected separately from two sheep 
which had grazed on green grass growing in a small paddock in the 
Laboratory. This grass was of the same composition as in Exp. 2c, only 
there was a young shoot after recent rains. Definite visible surface 
colonies developed five days after seeding in plates from both sheep. 
No growth through the substance of the medium in these plates was 
demonstrable. 

Experiment 7.—Freshly voided faeces were collected from sheep 
which had been grazing on a pasture composed almost exclusively of 
subterranean clover. Plates and tubes were prepared, and sown with 
serial dilutions of culture. No surface growth was observed, but 
moderate growth occurred in the tubes as demonstrated by plating out 
on serum agar. 

Experiment 8.—One sheep was fed on lucerne hay for ten days. 
Plates and tubes were prepared from faeces, and sown with serial dilu¬ 
tions of culture. Surface colonies developed on the plates, and definite 
growth occurred in the tubes, multiplication again being controlled by 
plating out on serum agar. 

Experiment 9.—This was a repetition of 8, but a different sheep was 
substituted. Growth occurred both as visible surface colonies, and 
through the substance of the medium of the plates, and definite multi¬ 
plication, controlled by plating out, was demonstrated in tubes. 
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Experiment 10.—Faeces from sheep fed on cow-peas were rubbed up 
in a mortar with tap water to form a thin porridge. This was then 
filtered through paper, and the filtrate passed through a Seitz EK filter 
pad. The filtrate thus obtained was found to be sterile. It was then 
tubed and seeded with dilutions of broth cultures of Preisz-Nocard 
bacilli. Jfo growth took place after incubation at 37° C. for 20 days. 

Discussion. —These experiments prove conclusively that the Preisz- 
Nocard bacillus will grow in sterilized sheep faeces under certain condi¬ 
tions. It was thought at first that a diet of green leguminous plants was 
necessary to provide the required conditions in the faeces to support 
growth, but subsequently it was found that, besides green cow-peas and 
green subterranean clover, a diet of green grass proved a satisfactory 
one. The definite multiplication which took place in faeces from sheep 
fed on lucerne hay showed that it was not essential for the diet to be in 
the green state. Our experiments on the determination of the hydrogen- 
ion concentration of the faeces on different diets, though somewhat 
limited, have not indicated that the pH is the limiting factor. It is 
thought that possibly the protein content of the diet may be related to 
subsequent growth in faeces, animals on a diet high in protein allowing 
sufficient to pass out unabsorbed in the faeces to support the growth of 
the Preisz-Noeard bacillus. From the fact that seventeen different 
sheep were used in these experiments, and grouj) results were always the 
same, it does not appear that the suitability of the faeces to support 
growth is an inherent quality of certain animals, but does definitely 
depend on the nature of the diet. 

B. Sterilized Faeces in Competition with other Bacteria. 

It must be pointed out that, though the results of the foregoing 
experiments are very suggestive, it cannot be safely concluded that such 
a multiplication of the Preisz-Nocard bacillus will occur in unsterilized 
faeces under natural conditions. Faeces contain a large number of bac¬ 
teria of various kinds, which are particularly adapted to growth in such 
a medium, so that a rather slow-growing organism such as the Preisz- 
Nocard bacillus will have very great competition for the available 
nutriment in such faeces, and will run the risk of being overgrown by 
other bacteria such as Bacillus coli. 

Up to the present, all our attempts to isolate the Preisz-Hocard 
bacillus from natural unsterilized sheep faeces have failed. Even 
though freshly voided faeces be experimentally contaminated with large 
quantities of Preisz-^^’oeard bacilli, we have been unsuccessful in 
recovering the bacillus again, owing to the rapid overgrowth by other 
faecal organisms. It has also been found that, if faecal material sus¬ 
pected or known to contain Preisz-Isocard bacilli is inoculated in small 
mounts into guinea-pigs, the latter succumb to infections by organisms 
normally present in faeces before any lesions can be produced by the 
Preisz-Hocard bacillus. 

Although we have not been successful in carrying out experiments 
with unsterilized faeces, the following experiments were undertaken to 
ascertain whether the Preisz-Hocard bacillus could grow in sterilized 
faeces in competition with two common faecal bacteria, namely, 
Bacillus coli and Staphylococcus pyogenes aureus. 

Experiment 1.—A collective sample of faeces was taken from three 
sheep which had been fed on green field peas for fourteen days. A 
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simultaneous experiment showed that definite multiplioation of the 
Preisz-Nocard bacillus occurred in this sample after sterilization, and 
seeding with the Preisz-Nocard bacillus alone. 

After sterilization, plates and tubes were prepared in the usual 
manner. A surface depression was made in the centre of each plate, 
with a sterile glass rod, and into this depression was then introduced 
dilutions of culture of the Preisz-Nocard bacillus and Bacillus coli in 
varying proportions. The tubes of faeces were sown in the same 
manner, and both series were incubated for eight days at 37® C. Plates 
were examined daily for surface growth, but none was observed 
throughout the period of observation. On the eighth day, portions of 
faeces at varying distances from the centre of the plates were examined 
microscopically, and also sown on serum agar. 

Table 1 shows the various proportions of culture of each organism 
used for sowing, and the results. 


Table 1. 


Number 
of Plate 
or Tube. 


Sown with- 

- 

Eesults. 

Prelsz-Kocard 

Bacillus 

2 loops. 

BacUlus coli 

2 loops. 

Plates. 

Tubes. 

Dilution of 
Culture. 

Dilution of 
Culture. 

1 

1 

: 1,000 

1 

: 1,000 

B, coli 

B, coli and P.N. baoilluB 

2 

1 

: 1,000 

1 

: 10,000 

B. coli 

B, coli 

3 

1 

: 1,000 

1 

: 100,000 

B, coli 

B. coli 

4 

1 

: 10,000 

1 

: 1,000 

B. coli 

B, coli 

6 

1 

: 10,000 

1 

: 10,000 

B, coll 

B. coli 

6 

1 

: 10,000 

1 

: 100,000 

B, coli 

B. coli' 

7 

1 

; 100,000 

1 

: 1,000 

B^ coli .. 

B. coli and P.N. baoiUuB 

8 

1 

: 100,000 

1 

: 10,000 

B, coli 

B. coli and P.N. bacillus 

9 

1 

: 100,000 

1 

: 100,000 

B. coli 

B, coli 

10 

1 

: 1,000,000 

1 

: 1,000 

B, coli 

B, coli 

11 

1 

: 1,000,000 

1 

: 10,000 

B. coli 

B, coli 

12 

1 

: 1,000,000 

1 

; 100,000 

B. coli 

B, coli 


In the plates. Bacillus coli alone was demonstrated by direct micro¬ 
scopical examination of smears made from faeces at various distances 
right out to margin from centre of plates. This organism was also 
recovered in pure culture from the margins of plates. In no instance 
was the Preisz-iN'oeard demonstrated in any plate. 

In three tubes (No. 1, 7 and 8), a few small clumps of Preisz- 
Nocard bacillus were demonstrated microscopically in smears made from 
the faeces, but attempts to recover this organism were unsuccessful in 
every tube, a pure culture of Bacillus coli resulting in every instance. 

Experiment 2.—This was carried out in a similar manner to the 
preceding experiment, the same sample of faeces being used, and both 
experiments w^ere run simultaneously. Tube cultures only were sown, 
plates being omitted. 

The results are seen in Table 2. 
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Table 2. 


Number 
of Tube. 

Preisz-Nocard 

Bacillus 

2 loops. 

Staphylococcus 
pyogenes aureus 

2 loops. 

Results. 

Dilution of 
Culture. 

Dilution of 
Culture. 

1 

1 

: 1,000 

1 

: 1,000 

Staphylococcus aureus and P.N. bacillus 

2 

1 

: 1,000 

1 

: 10,000 

Staphylococcus aureus and P.N. bacillus 

3 

1 

: 1,000 

1 

: 1,000,000 

No growth 

4 

1 

: 10,000 

1 

: 1,000 

No growth 

5 

1 

: 10,000 

1 

: 10,000 

No growth 

« 

1 

: 10,000 

1 

: 100,000 1 

Staphylococcus aureus 

7 

1 

: 100,000 

1 

: 1,000 

Staphylococcus aureus 

8 

1 

: 100,000 

1 

: 10,000 

Staphylococcus aureus and P.N. bacillus 

9 

1 

: 100,000 

1 

: 100,000 

Staphylococcus aureus 

10 

1 

: 1,000,000 

1 

: 1,000 

Staphylococcus aureus and P.N. bacillus 

11 

1 

: 1,000,000 

1 

: 10,000 

Staphylococcus aureus 

12 

1 

: 1,000.000 

1 

: 100,000 

Staphylococcus aureus and P.N. bacillus 


In this experiment, it is seen that growth of the Preisz-Nocard 
bacillus did take place in the presence of Staphylococcus pyogenes 
aureus, but growth was rather scanty, and, as seen, irregular. 

The first of these two experiments indicates that the overgrowth of 
the Preisz-Nocard bacillus in unsterilized faeces is a definite possibility; 
the second experiment shows that the Preisz-Nocard bacillus is able to 
maintain itself in the presence of at least one of the common bacteria 
of sheep faeces. 


3. Conclusion. 

In view of the fact that growth occurs readily in certain types of 
sterilized faeces, it is our opinion that the possibility of the Preisz- 
Nocard bacillus leading an external saprophytic existence should still be 
seriously entertained, until such time as definite proof of its behaviour 
in this external medium in its natural unsterilized condition is forth¬ 
coming, and until we have proof to the contrary, we consider that every 
precaution should be taken to minimize the risk of infection of sheep 
from accumulations of manure, particularly in positions to which sun¬ 
light does not have direct access. We have proof from experiments to 
be published shortly that the Preisz-Nocard bacillus is able to survive 
in sterilized sheep faeces which are protected from direct sunlight for 
over a year. This fact, quite apart from the possibility of its growth in 
faeces, warrants definite steps being taken to prevent the accumulation 
of sheep faeces in such places as shearing sheds, counting out pens, 
covered holding yards, and the like. 
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The Production of Tannin Extract from the 
Kino-impregnated Bark of Marri 
{Eucalyptus calophylla). 

By W. E. Cohen* B.Sc. 

In previous issues of the Journal (e.g., 1 : 285,1928 ; 2 : 191,1929) references 
have been made to the investigations carried out in co-operation with the 
Forests Department of Western Australia and with the University of Western 
Australia wdth a view to the development of a satisfactory process for the 
commercial production of tannin extract from certain products of the forest. 

In the last issue (page 169) reference was also made to the commercial exploitation 
of the results of these investigatioi\8 in so far as they related to karri. Before it 
was closed down, the tannin extract plant w'as used to study the possibilities of 
the production of extract from the kino-impregnated bark of marri. An 
account of that work is given below.—E d. 


1. Introduction. 4. Plant Experiments. 

2. A General Discussion of the Problem. 6. Conclusion. 

3. Laboratory Experiments. 


Summary. 

Recent investigations have shown that, hy a simple proc^‘Ss, an extract of satisfactory 
quality can be made from kino-impregnated marri bark. 

Previous investigations involved severe and expensive treatment in order to obtain 
a high yield of tannin free from insohible matter, and the processes employed caused 
considerable darkening in colour w'hich naturally affected the value and quality of the 
extract. 

From a consideration of the relationship betAveen tem|)orature of extraction and 
yield of tannin and of “ insolubles,” it has been shown that a satisfactory yield of tannin 
is attainable at CO" C. Above this temperature, no considerable increase in tannin is 
obtained, but a substantial increase in the yield of sparingly-soluble matter occurs. The 
latter introduces difficulties with respect to clarification, solubilizatio'n, and the colour 
imparted to hide substance. 

A survey of a large number of solubilizing or dispersing agents has shown that sodium 
bisulphite is the most suitable material. By extracting kino-impregnated bark at 60° C. 
and subsequently treating the infusions with sodium bisulphite at 100^ C. and evaporating, 
a very satisfactory liquid extract has been made in a plant test. This extract has been 
used to produce leather w4iich has been reported to bo of good quality anrl to be readily 
saleable. 


I. Introduction. 

Marri, or Western Australian redgum (Eucalyptus calophyVa), grows 
very abundantly in the south-west portion of Western Australia. The forest 
is approximately 350 miles long by 50 miles broad at the northern end, 
widening to 200 miles in the south. The tree occurs mixed with jarrah 
(E. marginata) and karri (E, diversicolor)^ but patches of pure stands of marri 
are quite frequent. Hence the collection of bark for the production of tannin 
extract can be carried out under conditions conducive to low costs. The 
timber has at present little or no commercial value on account of the extent 
and frequency of gum veins and pockets. 

It should be noted that marri bark, except when impregnated with kino, 
is very low in tannin content, but that, where the kino-exudations occur, 
the bark becomes a valuable source of tannin. It is possible to collect large 
quantities of the kino-impregnated haxk with a high percentage of tans, and 
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this would form a substantial source of tannin extract if the problems of 
solution and decolorization were satisfactorily solved on a commercial 
basis. It will be necessary, however, to purchase bark on the basis of its 
tannin content, and, with respect to this, every care will have to be taken 
in the collection and preparation of samples because of the variations 
resulting from the irregular occurrence of kino-exudations. 

Under the direction of the former Institute of Science and Industry and, 
more recently, at the Brunswick Laboratory of the Commonwealth Council 
for Scientific and Industri^^l Research, a largo amount of experimental work 
on the production of a suitable extract was carried out by Saltf and Coghill.J 
In addition to these investigations, a number of attempts to commercialize 
marri kino as a tanning material have been made from time to time by 
commercial interests. 

Some attempts at tapping kino-impregnated trees are recorded in the 
Annual Reports of the Western Australian Forests Department. Details of 
quantities available are recorded by Salt* and Coghill.t 


2. A General Discussion of the Problem. 

When kino-impregnated marri bark is leached with hot water and the 
resulting infusion strained to remove small particles of bark, &c., a clear 
hot liquor, which when cooled below 50° C. becomes exceedingly turbid, is 
obtained. On analysis, this liquor is found to contain cold-insoluble matter 
amounting to as much as 20 per cent, of the total hot-soluble matter present. 
In addition, the colour it imparts to hide substance is of a dirty brownish 
nature, and is not desirable in leather manufacture. Hence, with marri 
extract, the main problems are— 

(а) the elimination of matter insoluble in the cold either by removal 

or solubilization, 

(б) the removal or brightening of colour of those bodies which give 

rise to the dirty brown colouration on hide substance. 

In the past, the solution of these problems has been attempted by auto¬ 
claving, at temperatures of 100° C. and higher, either picked kino or extract 
(prtpared by leaching the kino or impregnated bark with hot water and 
evaporating the extract), with solutions of solubilizing agents such as the 
acid and normal sulphites of the alkalies or mixtures of these. This 
procedure was claimed to have been successful in part because solubilization 
was definitely effected. However, losses of tannin and degradation in colour 
occurred. This suggests that, apart from the expensive equipment employed 
and the severe processing required, the attempts to make a good commercial 
product wore not altogether successful. In addition, it has been recorded 
that encouraging results were obtained by treatment of the kino with hot 
golutions of the above-mentioned reagents in open vessels. 

At the outset of the investigations now under review, it w^as decided to 
seek the simplest procehs which would give a practical yield of good quality 
extract. Whereas previous investigations had aimed at maximum yields by 
severe processing, in this investigation quality and costs of production were 
placed before quantity. Hence, attention was given to the consideration of 

(i) the relationship between temperature of extraction and yield of tannin ; 

(ii) solubilization by simple boiling with cheap reagents; and (iii) the 
elimination of the more difficultly-soluble bodies by sedimentation, followed 

* Institute of Science and Industry, Circular 17o. 8 (1922). 

t Council for Scientific and Industrial Besearch, Cfiicular Ko. 0 (1927), and Council for Scientlfio 
and Industrial Research, Bulletin No. 82 (1927). 
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by decantation or filtration. As the result of these studies, a process was 
evolved and employed on a semi-commercial scale in order to manufacture 
approximately 2 tons of liquid extract of which over half was of a most 
encouraging quality. Further reference will be made to this extract later. 

3. Laboratory Experiments. 

(\) Relationshi]) httween Temperature of Extraction and Yield of tannin, 

(a) Voider Analytical Conditions. —A large bulk sample of finely divided 
kino-impregnated bark was prepared by using the laboratory bark mill and 
a 20-me8h screen. From this, a series of smaller samples were taken and 
extracted in duplicate, according to the procedure given in official methods 
of tan analysis, at various temperatures ranging from room tem})erature to 
100° C. The infusions thus obtained were examined, ))y the official method, 
for total solids, total solubles, insolubles, tans and non-tans. Guided by 
preliminary extractions at the various temperatures, it was possible to 
arrange the samples of bark so that all the infusions w’ere approximately at 
the same concentration, i.e., 4 grams of tannin per litre. Apart from 
temperature, all other conditions weie kept uniform according to a standard 
procedure. The main results of duplicate tests, together with those of 
duplicate extractions carried out strictly according to the official method 
(i.e., 2 litres extraction in four hours), are set out in Table 1. In most cases, 
for the purpose of comparison, the colours of the infusions at 0.5 per cent, 
tans were determined by means of the Lovibond Tintometer, and those are 
recorded in the table. However, a better idea of the effect on colour was 
obtained by a comparative examination of the hide powder samples 
subsequent to the non-tan determinations. 


Table I,— Marri Kino. Optimum Temperature of Extraction. 


Temperature. 

Total 

Solids. 

Total 

Solubles. 

lii- 

soluble** 

Tans 

Non-tans. 

Ratio 
Tans to 

Colour by Tintometer 
at 0 • r> % Tans 




Non-tans. 

Red. 

Yellow 

Rlue 

°C. 

Room tempera- 

% 

% 

o/ 

/o 

A) 

/o 





ture— 










16 

27*2 

26*6 

0*6 

21*2 

5*4 

4*0 


n.d. 


30-40 .. 

38-0 

35-9 

2*1 

29*4 

6*5 

4*5 


n.d. 


40-50 

41-9 

38-3 

3*6 

31*5 

6*8 

4*6 

5*2 

16*0 


50-60 

43-9 

38*2 

5*7 

31*9 

6*3 

51 

4*9 

20*5 


60-70 .. 

47*4 

39*6 

7*8 

32*8 

6*8 

4*8 

5*6 

20 


70-80 

47-7 

39-8 

7*9 

33*3 

6*5 

5*1 

6*3 

26*3 


80-90 .. 

47*8 

39*7 

8*1 

33*1 

6*6 

5*0 

i 6*3 

26-3 


90-100 .. 

48*5 

39-6 

8*9 

32*8 

6*8 

4*8 

7*1 

27 


100 

48*6 

39-7 

8*9 

32*6 

7*1 

4*6 

7*2 

27 


Official Method 
(2 litres—4 









hours) 

49-2 

40*4 

8*8 

33*3 

7*1 

4*7 


n.d. 

•• 


By reference to Table 1, it will be seen that, at 70-^0° C., the maximum 
extraction of tans was obtained, and that, by increasing the temperature, 
the extraction of sparingly-soluble matter (officially “insolubles”) was 
increased and the colour intensified. At as low a temperature as 40-50° C., 
95 per cent, of the tans were extracted, and the yield of sparingly-soluble 
matter was considerably less (41 per cent, of the total obtainable), and the 
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colour was both lighter and brighter. These results suggested that it would 
be preferable to work at moderate temperatures (say, 60° C.), leaving behind 
some of the difficultly-soluble material, for the sake of obtaining less turbid 
liquors and a better colour. Naturally, with less sparindy-soluble matter, 
the problems of solubilization and clarification would be simplified. 

The question as to whether time of contact influenced the extraction as 
well as temperature was considered by studying the extraction at 70 -80° C., 
using initial periods of contact of 1, and 2 hours, but no appreciable 
differences in the yields were obtained. 

Another point, which was raised during the course of the above experiments, 
was the possibility of heat causing cold-soluble tannin to become difficultly- 
soluble. In order to study this aspect, a cold extraction of marri kino was 
made, and samples of the resulting solution were heated for one hour at 
various temperatures. The results showed convincingly that the readily- 
soluble material was entirely stable at these temperatures. It is a fact, 
however, that, when a clear strong liquor is heated, a precipate is formed, 
but this readily re-dissolves on dilution and, therefore, is not an “ insoluble 
in the official meaning of the word. It is suggested that such a reaction 
results from the reversible coagulation of the soluble bodies at elevated 
temperatures. 

The conclusions that were drawn from the above analytical studies were 
that extraction at elevated temperatures was entirely unnecessary, and that 
a satisfactory yield of tans could be obtained at moderate temperatures, 
such as 60-70° C. At the same time, the sparingly-soluble bodies, known as 
“ insolubles,’’ would not be leached out in such large quantities as they were 
by previous methods, and, on tliis account, the clarification and solubilization 
problems would be simplified. The experiments suggested the following 
avenues of attack — 

(a) Leaching at 60-70° C. 

(d) Clarification by sedimentation, followed by decantation or 
filtration. 

(c) KSolubilization of the sparingly-soluble tans so that little or no loss 
would occur during the elimination of bodies still sparingly 
soluble (and not tannins in the official meaning) by sedimenta¬ 
tion and subsequent processes. 

Before proceeding with the above, it was decided to confirm the results 
indicated in Table 1 on a larger laboratory scale. Results obtained under 
strictly analytical conditions cannot always be repeated on a larger scale. 
Consequently, the temperature-yield relationship was again studied. 

(b) Temperature-yield Relationship under larger Scale Laboratory Condi¬ 
tions,—'Eoi this purpose kino-impregnated bark was disintegrated in the 
plant bark-chopper-and-grinder employing a |-in. screen. The resulting 
material varied in size from fine dust to particles which would not pass through 
a ^-in. sieve. Consequently, samples drawn from this would very likely 
have shown considerable variation. In order to minimize this difficulty, the 
whole sample was sieved into three grades, and each of these thoroughly 
mixed and weighed. For the actual laboratory samples these grades were 
taken in their original proportions. 

The eirtractions were carried out according to the customary press-leach 
system, circulating the “ forward ” liquor (that which was in contact with 
the fresh charge of bark) for a period of two hours, so that the whole charge 
was uniformly at the working temperature, 60** C. It was considered from 
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preliminary tests, that all materials extractable at this temperature would 
then be dispersed, only requiring displacement by weaker washes and finally 
by water, all at the same temperature, 60° C. 

The leaches w’^ere carried out in copper beakers, fitted with perforated 
false bottoms, which were covered with butter muslin. Five such beakers 
constituted a battery, and the complete leaching of the battery a laboratory 
test. Each beaker could accommodate 1 lb. of bark together with the 
necessary amount of liquor (4-4 J parts to 1 part of bark). The ratio of liquor 
to bark w^as decided by the strengths of the resulting liquors. It was 
considered advisable to keep these below 50° barkometer (i.e., sp. gr. = 1.050) 
in order that large losses would not be sustained during decantation. Yields 
were determined by weighing and analysing all liquors and washes. Tests 
were carried out at 60° C., 80° C., and 100° C. In addition, a leach was 
made at 60° C., and all the resulting strong liquors were placed in tall 
cylinders in order that sparingly-soluble matter might settle out. In this 
case only the clear supernatant liquors were considered for the yield. The 
results served to confirm those obtained under analytical conditions. While 
the yield of tans w\as approximately the same for each test, the yield of 
“ insolubles ” increased considerably with temperature. The results obtained 
by clarifying the resulting liquors were of particular interest. They showed 
that sedimentation and decantation efficiently eliminated the “ insolubles,” 
but, without the aid of any solubilizing agent, the accompanying loss in tans 
w’as such that the procedure would be impracticable from the commercial 
point of view. 

(ii) Consideration of Solubilizing Agents, 

When it had been demonstrated that temperature control would greatly 
contribute towards the production of a useful extract, it was necessary to 
consider the question of a suitable solubilizing or dispersing agent to render 
the sparingly-soluble tans cold-soluble so that clarification could be achieved 
without much loss of tannin. A large number of possible reagents were 
considered from the following aspects :— 

(a) the degree of solubilization obtained ; 

(h) the assistance rendered to decantation and filtration in the 
elimination of “ insolubles ” ; 

(c) the colour of the resulting clarified liquors ; 

(d) the effect on ultimate yield ; and 

(e) the cost of reagent. 

The following reagents were considered;—Sodium bisulphite, mete- 
bisulphite, hydrosulphite ('* Hydros ”), and sulphite, “ Neradol N,” 
“ Maxyntan,” “ Ordavol 2G,” “ TannolNNO,” “ Tannin F.C.,” karri extract, 
‘‘ Celltan,” and, in addition, the following mixtures :—Sodium bisulphite and 
“ Tannol NNO,” sodium bisulphite and “ Tannin F.C.,^’ sodium bisulphite 
and sulphite, sodium sulphite and “ Tannol NNO.” 

Of the above, “ Neradol N,” “ Maxyntan,” “ Ordavol 2G,” karri extract 
and ‘‘ Celltan ” showed little or no solubilizing properties. The others 
solubilized to various degrees, the most satisfactory results being obtained 
from using sodium bisulphite and sodium sulphite (separately). Taking into 
consideration the above-mentioned aspects, sodium bisulphite (containing 
over 62 per cent, total SOj or 85-90 per cent, estimated as metabisulphite) 
was determined to be the most useful and convenient material. It was 
noted in the tests that the quality of the bisulphite considerably influenced 
sedimentation. With bisulphite of the above-mentioned quality, the 
“ insolubles ” settled out as a compact rubbery mass on top of which occurred 
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a thin layer of granular material. Decantation was very easily and 
effectively carried out under these circumstances, and, in addition, the rubbery 
mass promised to be a convenient filtering cake on a larger scale. With poorer 
quality bisulphite, the “ insolubles ” did not readily settle, but remained in 
partial suspension and rendered clarification somewhat difficult. Conse¬ 
quently, losses of tannin in solution occurred as the result of inefficient 
decantation. The influencing factor was undoubtedly the hydrogen-ion 
concentration of the resulting mixture of bisulphite and marri extract. 
Following the satisfactory results obtained with bisulphite as a solubilizer, 
some laboratory tests were made employing the reagent subsequent to 
extraction and prior to clarification by sedimentation and decantation. 

(iii) Laboratory Tests employing Sodium Bisulphite as an exterruil 
Solubilizer. 

For these tests, the extraction was carried out according to the procedure 
employed in the temperature trials. The strong “ forward liquors were 
witlidrawn after two hours’ contact and circulation at 60° C., and were then 
treated with bisulphite at 100° C. for one hour, allowed to cool slowly, and, 
while still warm and clear, were poured into cylinders and set aside for a period 
of two to three days in order to permit the cold-insoluble matter to settle out. 
It was realized that, on a commercial scale, the treated liquors would cool 
very slowly, thus affording the bisulphite greater opportunities for dispersing 
the tannins and, in addition, retarding any sedimentation. This difficulty 
was overcome to some extent in the laboratory by heating the liquors in flasks 
immersed in a 10-gallon copper containing boiling water and allowing them 
to cool with the water in the copper. After cooling, the supernatant liquors 
w^ere withdrawn by decantation, weighed, and analysed. The weaker 
washes, occurring at the end of each test, were not treated with bisulphite, 
but were weighed and analysed in order to be included in the yield deter¬ 
minations. If anything, this latter procedure advers^^ly affected the results, 
because the ‘‘ insoluble ” content of the washes was proportionately greater 
than that of the treated liquors. 

The quantity of bisulphite used was calculated as a percentage of the 
total solids contained in the liquor. In order to determine rapidly the 
total-solids content of a liquor, the barkometer strength at 50° C. was 
employed. As the result of a number of trials, a fairly definite factor, 
relating barkometer strength to total-solids content, was determined. At 
the working temperature, 50° C., all the sparingly-soluble material was still 
well dispersed, and, therefore, acted as solubles in the barkometer deter¬ 
minations. This temperature was also advantageous in that the delay 
necessary between the withdrawal of a liquor and its treatment with the 
solubilizer was reduced to a minimum. The method, at any rate, was 
sufficiently accurate for the purpose of approximately controlling the 
quantity of bisulphite used, and promised to be readily applicable on plant 
scale. 

The results obtained from eight laboratory trials are set out in Table 2. 
There is obviously no definite gradation in these, due, in some measure, to the 
different conditions occurring from one test to another. Thus no attempt 
was made to standardize the limits to which each solution cooled, because 
no such procedure would be practicable on a large scale. The laboratory 
temperature varied considerably from week to week, and, consequently, the 
liquors of one run could easily have attained a lower minimum temperature 
than those of another during sedimentation and also at the time of decantation. 
These variable conditions naturally influenced the insoluble ” content 
when “ insoluble ” meant “ not filterable at 20° C.” It was, of course. 
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realized that the large quantities of liquor, obtained on a commercial scale, 
would not be so susceptible to local daily temperature variations. In 
addition, the samples of bark used in these tests varied slightly in analysis 
from test to test (see footnote, Table 2). 

Table 2.—Marri Kino-Laboratory Tests. 


Extraction by press leach at 60®C. and treating liquors externally with 
bisulphite prior to sedimentation and decantation. 


Bisulphite 
to total 
Solids. 

Net Yield after deducting Reagents 
added (assuming Non-tans) % O.D Bark. 

Percentage Extraction Obtained.* 

Total 

Solubles. 

In¬ 

solubles. 

Tans. 

Non-tans. 

Total 

Solubles. 

In¬ 

solubles. 

Tans. 

Non-tans. 

% 

o/ 

/o 

o/ 

/o 

9/ 

/o 

% 

% 

% 

o/ 

/o 

% 

3(a) 

37*6 

2-0 

30*6 

6*9 

95 

27 

95 

93 

4(d) 

35-9 

1*9 

29*4 

6*6 

94 

23 

95*5 

88 

5(6) 

35-3 

0*9 

28*9 

6*4 

92-6 

9*7 

960 

80 

6 (c) 

36-9 

1*6 

29*9 

70 

92 

25 

93 

89 ' 

7(a) 

38-7 

1*2 

31*4 

7*2 

98 

16 

97*6 

97 

8(a) 

36-9 

2*2 

30*4 

6*5 

93 

30 

94*5 

88 

9(c) 

35-4 

1*8 

290 

6*4 

89 

29 

90 

82 

10 (6) 

33-5 

1*1 

27-7 

6*8 

88 

12 

92 

72*5 


• Note .—CalcuUted from yield obtained and possible yield as indicated by the analysis of the 
bark using the official method. 

Analysis of bark samples— 


Total 

SoUds. 

Total 

Solubles. 

Insolubles. 

Tans. 

Non-tans. 

47-0 

39*6 

7*4 

32*2 

7-4 

47*4 

38*1 

9*3 

30-1 

8-0 

46*3 

40-0 

6*3 

32*2 

7-8 

4«-b 

38-2 

8-4 

30*8 

7-4 


The outstanding results were those in which bisulphite was employed in 
the proportions of 5 per cent, and 7 per cent, of the total solids present. 
The former provided a comparatively low yield of “ insoluble ’* matter 
without any proportional loss in tans. As already indicated, this may have 
been due, in part, to local temperature conditions. It appeared that 5 per 
cent, to 7 per cent, of bisulphite could be advantageously used as an external 
solubilizer, the extra bisulphite affording greater bleaching facilities and, 
therefore, a brighter coloured product. When used in quantities above this 
proportion, acidity influenced the yield of tans adversely (see Table 2). The 
colour imparted to hide substance by the solutions obtained in these tests 
was highly satisfactory. 

The results at this stage indicated a definite procedure for plant tests, 
viz., leaching at 60® C., and subsequent treatment of all “ forward liquors 
at 100° C. with bisulphite in the proportion of between 5 per cent, and 7 per 
cent, of reagent to total solids present. 

(iv) Laboratory Tests employing Sodium Bisulphite as an Internal Solubilizer. 

Before proceeding with plant tests to confirm the previous results, 
laboratory trials were made adding sodium bisulphite to the leach liquors 
during extraction and circulation. The procedure adopted for leaching, 
Bolubflization, and clarification was similar to that already described. The 
results showed the effect of the greater solvent power of the bisulphite 
solution at 60° C. Bodies, which were completely insoluble in water at 
60° C., were leached out, thu^ affording much greater 3delds not only of tans 
and non-tans, but also of insolubles ’’ and red-coloured material. As a 
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result, clarification was not so readily accomplished, and the colours imparted 
to hide substance were not at all encouraging. Because of these latter 
difficulties, this procedure was not further investigated. However, if any 
work is attempted in the future, it is recommended that this treatment 
should be given further consideration. Possibly, the use of a minimum 
quantity of the reagent during leaching and the addition of more reagent 
preparatory to solubilization at 100° C. may afford more satisfactory results. 

(v) Laboratory Tests with Mixtures of Aluminium Sulphate and Sodium 
Bisulphite as External Solubilizers. 

Several references have been made in tannin extract literature to the 
possible use of mixtures of aluminium sulphate and sodium bisulphite for the 
dispersion of sparingly-soluble tans. According to the theories advanced, 
free sulphur dioxide is formed m situ., thus affording more concerted action 
of the reagent. In addition, the red-coloured tannins are supposed to form 
lighter-coloured aluminium salts. The formation of aluminium hydroxide 
and the introduction of its coagulating properties has been claimed to 
facilitate clarification. All these claims appeared to promise the solution 
to the problem of providing a light-coloured and clear marri extract, and 
the use of these mixtures was accordingly given some attention. The 
procedure adopted was similar to that when bisulphite was used alone. 
The results indicated that a considerable loss in tans occurred and that 
clarification was not effective, resulting in a high yield of insoluble matter. 
It should be mentioned, however, that the colour imparted to hide substance 
was very satisfactory, although solutions resulting from the bisulphite 
treatment gave equally encouraging results. 

4. Plant Experiments. 

(i) General Discussion, 

The plant experiments to be described below were not completed before 
the termination of tannin extract investigations in accordance with a plan 
to concentrate the staff of the Division of Forests Products in Melbourne. 

Owing to the limited time available, the plant experiments now under 
review were planned not so much to study the question of costs nor to 
indicate the most desirable technique in any great detail, but rather to 
confirm or disprove some ideas with reference to solubilization and clarification 
that had been formulated as the result of laboratory experience. In addition, 
it was hoped to overcome any difficulties which were not encountered in the 
laboratory tests, and to indicate the lines of attack for any future work that 
might be undertaken. The plant tests would also provide some sort of 
extract which could be used for subsequent decolorization and tanning 
experiments. Consequently, one short test was carried out before suspending 
operations entirely, and an account of this is given below. 

(ii) Preparation of Material, 

Kino-impregnated marri bark (9,110 lb.) was disintegrated^in a Van 
Gelder crusher and grinder, using both 1-in. and |-in. screens. Of this, 
approximately 6,000 lb. were prepared while the latter screen was in use. 
The average moisture content was found to be 11 per cent., so that the 
moisture-free weight of material treated amounted to 8,100 lb. The 
disintegrated material was elevated to a hopper bin, from which it was 
discharged into tared bags and weighed. The experience gained during the 
plant tests showed that the material passing through the |-in. screen was 
most readily handled and leached, since a larger percentage of fine kino 
was obtained, giving rise to a more rapid solution in water. 
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(iii) Leaching of MaterM, 

Each vat was charged with 1,500 lb. of disintegrated material. The 
charges were sampled during the process by making a grab sample from each 
100-lb. lot. The aggregate sample was then quartered down to a convenient 
size and ground for analysis by the official method. To be more thorough, 
each of these larger samj^les should have been graded and each grade 
separately quartered down. However, since the yield was not the most 
important factor to be studied during the plant run, this precautionary 
measure was not taken. It has already been mentioned that it was difficult 
to take two similar samples of the bark. Hence it was not surprising to 
find that the six samples obtained differed considerably. 

To the 1,500 lb. of bark in each vat, 550 gallons of water or weak wash 
liquor (during continuous operations) at 60° C. were added. The 
temperature of the mixture was maintained at 55-60° C. for three hours 
by circulating the liquor through a tubular water heater. By this time 
the solution of all material soluble at this temperature was complete and 
the liquor was withdrawn, at the same time being replaced by weaker 
washes or water also at 60° C. The strong liquor was passed on to the next 
charge and the process continued as outlined above. The strong liquor 
resulting from this second extraction was found to run at about 30° 
barkometer at 20° C., and was withdrawn to the storage tank for subsequent 
treatment. The process was continued in the same way (i.e., press leaching 
at 60° C. with circulation in the forward vat and withdrawal of the strong 
liquor from each alternate vat) until all six vats had been leached. 

It is necessary at this stage to discuss certain mechanical difficulties 
which wore encountered during the leaching process. The ground bark 
consisted of light porous bark and finely ground denser kino, which readily 
softened in warm water before dissolving. Consequently, when the leach 
li(|U()r was run into the vat the charge rapidly separated into two layers. 
The bark floated and was difficult to wet, and the kino formed a soft 
impervious layer at the bottom and prevent(‘d adequate circulation. It 
was necessary to break up this layer by means of poles before proceeding 
with the treatment. The problem appears to be purely mechanical in 
nature, but it will have to be surmounted before any future work along 
these lines is attempted. It is possible that the difficulty may be overcome 
by the simultaneous admission to the extraction vat of both bark and leach 
liquor through the agency of an intermediate mixing device. The gradual 
introduction of the bark to the leach liquor contained in the vat and rapid 
circulation so that the temperature (60° C.) is maintained by means of 
closed steam coils is also suggested. The admission of a small amount of 
live steam in advance of the leach liquor might bring about the desired 
wetting of the bark. A further suggestion is the introduction of a short 
cold leach preparatory to the admission of hot leaching liquor. Consideration 
could also bo given to the question of finer disintegration of the bark. A 
. mechanical separation of the bark from the gum and the separate treatment 
of each also presents a possible solution to the problem. 

(iv) Solnhilizationy Clarification, and Concentration. 

The strong liquors, upon withdrawal, were treated in large copper tanks 
with sodium bisulphite (containing 62 per cent, total sulphur dioxide or 
85-90 per cent, estimated as sodium metabisulphite), using 4 parts to every 
100 parts of solids in solution, in the case of the first two cases,* and 7 parts 
for the remaining four. 

• Instead of awaiting the results of analyses, it was possible, from previous laboratory experience 
to determine approximately the total solids content from the barkometer reading at 60® C. It was 
found, however, by subsequent analyses, that the laboratory factor differed from that required in 
the plant, because of the < Ifferent bark stcKsk used and consequently a different ratio of tans to 
non-tans. This matter was remedied, but not before the first two liquors had been treated 
Consequently, these only received four parts of bisulphite instead of the five that had been Intended * 



119 


When the bisulphite had been added to the liquor, the whole was 
thoroughly mixed and then heated by means of steam coils to 95-100® C. 
After standing overnight, the liquor was gravitated into a settling vat to 
permit the solid particles that were not dissolved by the bisulphite (i.e., 
fine bark, &c.) and those that were still cold-insoluble to settle. This vat 
was provided with e perforated copper false bottom, which wes covered with 
hessian. The degree of cooling largely influenced the “ insoluble content 
of the resulting liquor and also the ultimate extract. Since it was 
midsummer whtn the experiments were carried out, it was very difficult 
to have liquors cooled below 27-30® C., whereas 20® C. would have been 
more desirable. When thoroughly cold (a matter of days, the actual time 
depending on local conditions), the liquor was slowly pumped from the vat 
through the false bottom. At this stage, conditions different from those 
experienced in the laboratory, but not in the least unexpected, were 
experienced. The large mass of liquor had cooled more slowly than the 
smaller quantities handled in the laboratory. Consequently, the bisulphite 
was afforded prolonged opportunities for solubilization. In addition, the 
same degree of cooling was not attained. Those differences were responsible 
for the presence of only a small amount of insoluble matter at the bottom 
of the vat. Although this was hardly sufficient to provide a filtering cake, 
the withdrawn liquors were very clear, suggesting that the “ insoluble 
bodies had all been retained on the hessian. The clarified liquors obtained 
during the plant experiments were found to range from 35-38® barkometer. 

By the treatment outlined above, there were no losses of soluble substances, 
but quantities of cold-insoluble red substances were most certainly either 
eliminated or dispersed. The clear liquors thus obtained were subsequently 
concentrated to approximately 250® barkometer in a double effect evaporator, 
run into casks, and stored. The evaporation presented no serious difficulties, 
but it was necessary to give fairly constant attention in order to effect such 
a concentration in two stages. 


(v) Consideration of Yields, 

It has already been mentioned that the plant tests were not planned to 
study the question of yields. However, some data were collected mainly 
to prove that no losses of tans were incurred during the clarification process. 
Keference has been made to the difficulties encountered in leaching and t^e 
necessity for the breaking up of the cake of kino in order to permit circulation. 
This naturally encouraged channelling, and it was not surprising, therefore, 
on emptying the vats to find large lumps of undissolved kino. Consequently, 
the yields indicated below should be largely improved upon when the 
leaching difficulty is overcome. 

The average analysis of the six samples collected while charging the six 
vats, expressed on the moisture-free basis, was as follows :— 


% 

Total solids .. .. .. 45 *9 

Total solubles .. .. .. 38 *1 

Insolubles .. .. 7*8 

Tans .. 31*6 

Non-tans .. 6*5 

Ratio tans/non-tans .. 4*9 


The total yield, determined by considering the quantities of liquid 
extracts obtained and their analyses, together with the quantities and 
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analyses of weak wash liquors that remained at the end of the test, 
expressed as percentages of the bark, on the moisture-free basis, was as 


follows :— 

% 

Total solids .. .. .. 35*8 

Total solubles .. .. 34*0 

Insolubles .. .. 1*8 

Tans .. .. .. .. 26*8 

Non-tans .. .. .. 7*2 

Katio tans/non-tans .. .. 3*7 


This, however, included the 166 lb. of bisulphite, or residual portion 
thereof, added for the purpose of solubilization. This represented 2*1 per 
cent, of the bark treated, but some of this was eliminated as sulphur dioxide 
during the solubilization boil and the evaporation. These losses could not 
be accurately accounted for, but an assumption that the residual part 
amounted to 2*0 per cent, of the bark in the yield results was regarded 
as safe. Again, it was very questionable whether the bisulphite residue 
could all be accounted for as non-tans. Hence, any definite expression of 
yield of tans and non-tans could not be made. 

It could only be stated that the net yield, exclusive of bisulphite, was :— 

% 

Total solids .. .. .. 33*8 

Total solubles .. .. 32*0 

Insolubles .. .. .. 1*8 

Since the ratio of tans to non-tans in the bark was 4*9, and since 
laboratory results had shown that the tans were as readily extracted as the 
non-tans at 60® C., the extraction or yield ratio could have attained the 
above figure. Ey assuming 4*9, the following would have been the approxi¬ 


mate yield :— 

% 

Tans .. .. .. .. 26*6 

Non-tans .. .. .. 5*4 

and, hence, the percentage extraction would have been:— 

% 

Total solids .. .. .. 73*6 

Total solubles .. .. 84*0 

Insolubles .. .. .. 23*0 

Tans .. .. .. 84*0 

Non-tans .. .. .. 83*0 


With a solution to the leaching problem, it could confidently be expected 
that the percentage extraction yield of tans would exceed 90 per cent., and 
thus attain the standard of the laboratory results. 

The yield of total solids and solubles was studied from another aspect. 
All strong liquors at withdrawal and prior to treatment, as well as the weak 
washes at the end of the test, were accurately measured and sampled. From 
these observations, the following yields were determined :— 

Percentage of 
moisture-free Bark. 

Total solids .. .. .. 37*0 

Total solubles .. .. .. 32*0 

Insolubles • .. .. 5*0 
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Hence, thanks to the solubilizer, the elimination of about two-thirds of the 
“ insolubles was accomplished, by dispersion and sedimentation, without 
any loss whatever of solubles. 

The spent bark still contained a fair amount of soluble tans. This was 
naturally influenced by the inclusion of large pieces of kino which had caked 
and which had not been leached on account of the channelling which occurred 
during the process. Owing to its heterogeneous nature, accurate sampling 
and analysis of the spent bark were impossible. From the point of view of 
clarification, the plant tests were most satisfactory. They indicated, however, 
that a large capacity, in the form of settling vats, would be required on a 
commercial scale. 

(vi) Consideration of Liquid Extract obtained. 

The following are the analyses of the six liquid extracts obtained :— 

Table 3. 


Serial 

No. 

TotAl 

Solids. 

Total ! 
Solubles. 

In¬ 

solubles. 

Tans. 

Non-tans. 

Jlutio 

Tans/ 

Non-tans. 

Colour at 0* 5 % Tans. 

By Lovibond Tintometer. 

Bed. 

Yellow. 


% 

% 

% 

% 

% 




1 

46-3 

43*5 

2*8 

.34*6 

8-9 

3-9 

11-6 

28 

2 

47-8 

45‘1 

2-7 

36-2 

8-9 

4*2 

9*6 

26 

3 

61*1 

49*4 

1*7 

38-7 

10-7 

3-6 

10*3 

20 

4 

49-3 

47-4 

1*9 

370 

10*4 

3*6 

10*6 

25 

6 

48*2 

46*6 

1-6 

36*6 

10-0 

3*7 

10*6 

26 

6 

61*0 

49-3 

1*7 

38-6 

10*7 

3-6 

10-6 

26 


Extracts 1 and 2 were obtained by evaporating liquors which had been 
treated with 4 per cent, of bisulphite (to total solids present). The other 
four were treated with 7 per cent, of bisulphite, and a marked improvement 
in the colour imparted to hide substance by the extract was noticed. The 
“ insolubles ” content was also considerably reduced. With reference to 
this there were probably a number of contributory causes. 

(1) Increase in bisulphite. 

(2) Owing to a heat wave, the first two liquors did not cool below 30® C. 
in five days. They were optically clear at this temperature, and were 
evaporated without further delay. In addition, the major portion of these 
liquors was decanted and not filtered through the hessian in the settling vat. 
The later liquors attained the minimum temperature of 26® C. and were all 
filtered. 

(3) A certain amount of deposit from the evaporator tubes found its 
way into Extracts 1 and 2 before this trouble was noticed. 

When the colours imparted to hide substance were considered, it was 
foimd that the extracts did not compare very favorably with the head liquors 
nor with the liquors obtained during laboratory tests, although they 
were still quite satisfactory. This was not unexpected, partly because of 
the sustained heating to which plant liquors were necessarily subjected, 
together with more complete solubilization, but mainly because of the 
elimination of all free sulphur dioxide during the solubilization boil and 
throughout the evaporation. That the sulphur dioxide and its bleaching 
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properties greatly influenced the colour imparted to hide substance was 
fully appreciated during the laboratory tests. The liquid extracts, on 
examination, were found to be entirely free from sulphur dioxide and almost 
free from sodium bisulphite. 

Attempts to improve the colour of the extract prepared by using 7 per 
cent, bisulphite as solubilizer w’ere subsequently made in the laboratory. 
A large number of reagents were tested, and these included organic and 
inorganic materials which have been mentioned in the literature as being 
efficient decolorizing agents. Several syntans were included in the tests, 
but without success. Blending marri extract with karri extract did not 
yield any fruitful results. The most satisfactory results were obtained by 
the addition of sodium bisulphite, hydrosulphite, or metabisulphite, or free 
sulphur dioxide to the extract. These were added in definite proportions 
related to the total solids content and the extract was heated to 50° C. 
Sodium bisulphite and sulphur dioxide were found to be the most satisfactory, 
mainly on the score of cost. The addition of an extra 1 per cent, showed 
marked improvement in colour, although it was considered that 3 per cent, 
gave the most satisfactory results. The above percentages sre based on 
the total solids present. 

It was concluded that the most satisfactory extract resulted frbm 
solubilization with 7 per cent, bisulphite and subsequent additions to the 
extract of 3 per cent, bisulphite or 12 per cent, of free sulphur dioxide. 
The total added material would therefore not exceed 10 per cent, of the 
total solids leached from the bark, or about 4 per cent, of the total bark 
extracted. The conditions in the case of a solid extract would naturally be 
somewhat different. 

Several small samples of extract treated during these decolorization tests 
wore prepared for tanning trials, but, to date, no facilities have been available 
for making these tests. The bulk of the extract obtained in the plant was 
not treated in this way, but was sold to a local tanner, who has reported 
ver} favorably on its behaviour. 


5. Conclusions. 

As the result of laboratory and plant scale test.', it has been shown that 
a satisfactory extract can be made from kino-irnpregnated marri bark. It 
would appear to be preferable to forsake 100 per cent, yield of tims in order 
to produce a brighter coloured and clearer extract. Leaching at 60° C. with 
water or weak washes and subsequent treatment at 100° C. with sodium 
bisulphite, amounting to about 7 per cent, of the total solids, followed by 
settling, has been found to >ield clear, bright-coloured liquors which can be 
concentrated to a clear extract with a satisfactory colour. The colour of 
the latter may be further improved by the addition of small quantities of 
sodium bisulphite or of sulphur dioxide. 

Certain difficulties have still to be overcome, the main one occurring in 
the leaching process, but this appears to be simply of a mechanical nature. 
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Foot and Root Rots of Wheat in Australia. 

Fusaritan cuhnortm (W.G.Sm.) Sacc. as a Causal Organism. 


By W. L. Geach* BSc. 

S Hmmary. 

1. Numerous cultures of Fusaria were isolated from foot-rooted wheats 
obtained from various wheat-growing areas in the Commonwealth. Many of the 
Fusaria were found to belong to the groui) “ Discolor." 

2. Of the Fusaria of the “ Discolor" group, F. culmorum (W. G. Sm.) 
Sacc. was identified. Two isolations of F. culmorum were selected and compared 
with a culture of this organism from Saskatchewan, and close agreement 
regarding the measurement of sporodochial conidia was obtained. 

3. A number of wheat varieties were inoculated with transfers from these 
cultures, and the pathogenicity of the organisms was established, both in the 
glasshouse and in the field, after preliminary trials on plants grown in artificial 
media in large glass tubes. 

4. F. culmorum produced typical foot-rot symptoms, including the condition 
known as white heads, usually attributed to O, gra^minis. 

5. Of the eighteen varieties of wheat so far tested, none showed immunity 
to the isolations of F, culmorum used in the experiments reported in this paper. 


I. Introduction. 

The group of wheat diseases to which the names foot-rot, root-rot, 
take-all, white heads, and others are variously applied, is the most 
economically important in Australia. Brittlebank (4) of Victoria, 
writing on this subject, states, Of all the fungus diseases affecting 
wheat, ^ take-all ’ is the most destructive, and the actual loss caused by 
it is far greater than by any other single disease, rust included, or 
perhaps by a combination of all known fungus diseases affecting wheat 
in Australia.^’ In a recent publication, Hynes (8) reports that foot- 
rot is one of the most serious diseases in New South Wales, and he gives 
several instances of 30%-50% losses. Came (5) also reports 
30%-50% reduction in estimated yield in some districts in Western 
Australia, and states that 10% loss is common. In an anonymous 
article in the Journal of ike South Australian Department of 
Agriculture (1) written in 1906, a year when the disease was unusually 
severe, it is stated:—“ In some cases the prospective yield of a whole 
district is reported to have diminished 30%.” Mackinnon (10) considers 
the loss throughout the Commonwealth caused by take-all to average 
7% per annum. The writer estimates a crop reduction of 30%-75% 
in some fields visited by him during the past season. Estimating the 
average annual yield reduction at the very conservative figure of 2^% 
of the total wheat crop, the loss for Australia as a whole based on a 
five-year average of production and prices amounts to about £750,000 
per annum. It is probably much greater. 

According to the literature, the organisms associated with the disease 
complex in Australia are Ophiohohis graminis, Sacc., Wojnowicia 
graminis (McAlp.) Sacc., Hclminthosporium sat? Dim, P.K.B., 
Rhizoctonia sp., Brachysporium sp., and occasionally mention is made 
of Fusaria. In 1921, Hamblin (6) working on Helminthosporium, 
noted the frequency of occurrence of Fusaria in his isolations, but 
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no mention was made of attempts to determine tlieir importance. 
In 1924, Hynes (7) recorded the occurrence of Gibberella sauhinetii 
(Mont.) Sacc. in New South Wales when he identified perithecia 
on oat-stubble as those belonging to that organism. On plating 
out some of the perithecia, he obtained cultures of a Fusarium 
which agreed with the description given for the conidial stage of 
(}. saubineiii, but he was, however, unable to obtain the perfect stage in 
pure culture. He showed that this organism was pathogenic on wheat 
and other cereals, producing foot-rot symptoms. 

Numerous cultures of Fusaria of the Discolor ’’ type* have been 
isolated by the writer from diseased wheat plants obtained from many 
districts in the principal wheat-growing areas of the Commonwealth. 
Specimens from the Wimmera district, particularly, have yielded 
annost without exception cultures of Fusaria macroscopically similar 
to isolations identified as F, culmorum, although this organism 
has not been reported hitherto as causing foot-rot of wheat in Australia. 
In 1896, McAlpine (9) described F. culmorum (McAlp.) as occurring 
in salmon-coloured patches on wheat, particularly at the nodes and on 
the ears, but he did not give an opinion regarding its pathogenicity. 
According to Simmonds (H), F. culmorum causes seedling-blight and 
foot-rot of oats in Canada, and Bennett (2) reports it as a cause of 
foot-rot of wheat in Great Britain. 

The object of this paper is to record the occurrence of F. culmorum 
(W. G. Sm.) Sacc. in Australia as a causal organism of foot-rot of 
wheat, to show that it is pathogenic not only in the glass-house, but also 
under field conditions, and to indicate its importance in this country. 
Studies of the effect of environmental factors on the incidence of the 
disease, and testing of numerous wheat varieties for relative resistance, 
are now in progress. 

2. Source of Material. 

The State Departments of Agriculture of New South Wales, 
Victoria, South Australia, and Western Australia very ’ courteously 
co-operated by sending in specimens of foot-rotted wheats to the Division 
of Plant Industry at Canberra during the past two years. Those from 
the 1931 crop were obtained from seven districts in New South Wales, 
seventeen in South Australia, ten in Victoria, and six in Western 
Australia. Several hundred diseased plants were also collected by the 
writer and others from the New South Wales wheat areas of Wagga, 
Coolamon, Junee, Temora, Wyalong, Young, and Cowra. 


3. Isolation and Identification of Organism. 


- Isolations were made from lesions on the roots and on the basal 
portions of the stems. The selected portions were washed in water to rid 
them of loose earth, immersed in 70% alcohol for 1^ minutes, washed in 
sterile water, transferred to potato-dextrose agar in petri dishes, and a 
drop of 5% lactic acid added around each piece of material to prevent 
growth of bacteria. After a few days, portions of the developing fungi 
were transferred to potato-dextrose agar in tubes. 


Several hundreds of ^‘Discolor” Fusarium isolations were made, 
and a number of them were studied culturally and microsopically. 

• In this paper the term *• Dlaoolor ” Is applied to those Fusaria whIeJi, when grown on 
potato-dextrose agar, produce bordeanz, rose, honey, and white coloured hyphae. accompanied 
by the production of bordeanz pigment In the agar. 
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Although the cultures appeared to be of similar appearance macro- 
scopically, certain differences were noticed when they were more closely 
examined, and therefore, with the object of arriving at some satisfactory 
and rapid way of grouping them by comparison of their gross 
characters, they were grown on a variety of media, including potato- 
dextrose, plain potato, oat, wheat, salts glycerin, starch asparagin agar, 
melilotus stems and potato plugs. Such attempts, however, gave 
unsatisfactory results, since perplexing variations occurred under 
similar environmental conditions. 

No perithecia were observed in any of the cultures, although many 
attempts were made to induce their formation. 

Two of the isolations were selected for the studies reported in this 
paper. One of them was from the wheat variety Purple Straw ’’ 
from Longerenong, Victoria, indexed in the writer^s collection as F. 23, 
and the other from the variety Federation ’’ also from the Wimmera 
district, indexed as F. 30. Incidentally, it may be mentioned that a 
species of Helminthosporium (probably sativum) was also isolated 
from the nmterial from which F. 23 was obtained. 

A culture of F. culmorum from Saskatchewan, Canada, and the two 
isolations F. 23 and F.30 were grown at the same time and under the 
same environmental conditions on sterilized melilotus stems, and 
measurements of the sporodochial conidia of all three cultures were 
made. In the following table, it will be seen that the conidial mjeasure- 
ments of the Australian isolations showed close agreement with the 
Saskatchewan culture. 


Table T.—Measurements of Spokodocuia.l Conjdia. 


Number 

of 

8ept4fc. 

F. culmorum 
(Saskatchewan). 

Percent¬ 
age of 
each 
Type. 

F.30. 

Percent¬ 
age of 1 
each 
Tyi)e. 

F.23. 

Percent¬ 
age of 
each 
Type. 

5 

34*6 X 6-2 

26 

33*9 

X 4-79 fj 

33 

34 07 X 4*73 fi 

53 

4 

32 X 4*7 n 

49 

30 

X 4*9 

34 

30*33 X 4*3 fi 

24 

3 

28*8 X 4-7 /y 

23 

26-7 

X 4’.34 fi 

32 

25*22 X 4*4 // 

23 

2 


26 

X 6 // 

1 




Subcultures of F.23 and F.30 were finally submitted to Dr. H. W. 
Wollenweber of the Biologische Reichsanstalt fiir Land- und 
Fortswirtschaft, Berlin-Dahlem, Germany, who identified them as 
F. culmorum (W. G. Sm.) Sacc. 

4. Inoculation Experiments. 

(i) Preparation of Inoculum and Grain. —^Wheat grain with about 
an equal volume of water, was sterilized in Erlenmeyer fiasks at 15 lbs. 
pressure for 46 minutes on two successive days. On this medium, the 
isolations F. 23 and F. 30 were grown in quantities sufficient for soil 
inoculation. Kernels of the wheat varieties to be sown were soaked 
over-night in water, and surface-sterilized by steeping for three minutes 
in a 60% alcohol solution containing mercuric chloride (0.2%), as 
recommended by Bennett (2). 

(ii) Inoculation of Plants in Pure Culture. —As a preliminary to 
glass house and field trials, wheat plants were grown in large glass tubes 
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18 in. X. 2 in. on a medium made by adding 2% agar to the pH 6.2 
culture solution of Brenchley, Maskell and Warrington (3). Five 
surface-sterilized kernels were placed on the surface of the agar in the 
tubes and a small quantity of the inoculum added. 

Although this method involved the growth of the host plant under 
artificial conditions, it served a useful purpose, since all organisms 
other than the selected one were excluded, the condition of the root 
system of the plants could be observed, and it was possible conveniently 
and quickly to obtain some idea of the relative virulence of the 
isolations tested. 

The wheat varieties grown in the tubes with the inocula F. 23 and 
F. 30 respectively, were rapidly attacked and killed. A number of other 
isolations of similar macroscopic appearance were also tested against 
wheat plants in this manner with essentially similar results. Other 
plants in tubes in which common saprophytic fungi such as 
Macrospormm, Mucor or Penicillinm were allowed to grow, showed no 
foot-rot symptoms. 

(iii) Glasshouse Experiments .—The soil used in these experiments 
consisted of five parts of river sand and three parts of white sand, 
thoroughly mixed and afterwards sterilized for four hours by steam at 
atmospheric pressure. An equal amount of soil was put into each 
container, also previously sterilized. The gi’ains, surface sterilized by 
the method already indicated, were planted at a depth of f in., and a 
piece of inoculum about the size of a wheat grain placed in contact with 
each before covering vdth soil. Fourteen varieties of wheat were used 
in these experiments. Ten grains of each variety were inoculated with 
F. 23, and ten of each with F. 30. Twenty grains of each variety 
served as checks for both sets of experiments. 

A weighed quantity of a sterilized gravel mulch was spread over 
the soil to conserve moisture. Water was weighed in to the extent of 
the field-carrying capacity of the soil used, and the loss by’evaporation 
made up once a week. 

Results of the experiment, after six weeks’ growth, arc given in 
Table 2. It will be observed from the figures given in the control 
column that the average germination capacity of the grain was good, 
except in the case of the varieties Major ” and Ford ” Comparing 
the control figures with those in the column headed F. 23, it will be seen 
that this organism was responsible for a relatively large amount of 
disease which was partly manifested as seedling-blight and partly as 
blighting before emergence. The same symptoms were also observed on 
the plants inoculated with F. 30 but the percentage of infection, as 
indicated in the table, was lower than that produced by F. 23. 

In a number of eases where no plants appeared after germination 
was general, the grain was dug out and examined, and in many 
instances it was seen that although germination had begun, the fungus 
had attacked and killed the developing seedlings before their appearance 
above the soil. Some plants grew to a height of one to two inches, then 
yellowed and died back. The region around the foot of such plants was 
rotted and of a deep brown colour. Isolations from the dead and dying 
plants gave pure cultures of a Fusarium indistinguishable in general 
appearance from F. 23 and F. 30. 'No foot-rot was observed in the 
controls. 
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Other wheat varieties were also tried and the isolations were found 
to be pathogenic on them. 


Table 2. 


Wheat Variety. 

Inoculum 

F.23. 

10 Grains Sown. 

Inoculum 

P.80. 

10 Grains Sown. 

Controls. 

20 Gntins Sown. 

Average 

Germina¬ 

tion 

Capacity 
Per 10 
Seeds. 

Healthy Plants 

'RAmftinfng 

at end of 
Experiment. 

Plants diseased. 
Dead, or did 
not appear 
above Ground. 

Healthy Plants 
Eemaining 
at end of 
Experiment. 

Plants diseased, 
Dead, or did 
not appear 
above Ground. 

Healthy Plants 
Bemaiuing 
at end of 
Experiment. 

Plants diseased. 
Dead, or did 
not appear 
above Ground. 

Baroota Wonder .. 

6 

4 

8 

2 

19 

1 

9*6 

Sunset .. 

1 

9 

S 

7 

18 

2 

9 

Ford 

0 

10 

4 

6 

11 

9 

6*6 

Bunyip .. 

0 

10 

6 

4 

19 

1 

9-6 

Currawa 

1 

9 

7 

3 

19 

1 

9-5 

Nabawa 

0 

10 

1 

9 

17 


8*6 

Canimbla 

c 

10 

4 

6 

17 

3 

8-6 

Sands .. 

4 

6 

7 

3 

19 

1 

9*5 

Major .. 

0 

10 

B 

4 

11 

9 

6-6 

Dunmore .. 1 

0 

10 

8 

2 

19 

1 

9-6 

Gieeralying .. j 

2 

8 

6 

5 

17 

3 

8-5 

Hard Federation .. 

2 

8 

7 

3 

16 

4 

8 

Joffro .. .. 1 

2 

8 

5 

5 

19 

1 

9*6 

Caliph .. .. ! 

2 

8 

S 

2 

18 

2 

9 


S. Field Trials. 

Trials were also made in field plots. The soil was inoculated and 
the grain sown on July 1st, September 9th and October 8th. The first 
two sowings were in rectangular areas subdivided into plots measuring 
3 ft. X 2 ft. Six plants of each of four varieties were sown in each plot, 
of which there were twenty-one. Three of the plots were picked at 
random for controls. The last sowing was arranged differently, the 
grain being sown in six rows with approximately 200 grains of each 
variety per row. Observations were made from time to time, and as the 
plants approached maturity, striking differences were noticed between 
many of the inoculated plants and the controls. The majority of the 
control plants were moderately well developed, and of normal 
appearance, whereas the plants growing in the artificially inoculated 
soil were in many cases severely stunted and almost rotted through at 
the base of their culms. A number of plants showed the typical white 
head symptom, usually attributed to 0. graminis (Plate 2). On 
examination, the* ears were found to contain either shrivelled grain, or 
none at all. 

All diseased plants from the first plot sown, and a number from the 
other plots were taken to the laboratory and material selected for 
plating. In nearly every case, cultures were obtained of a Fusarium of 
the same macroscopical appearance as F. 23 and F. 30. The controls 
were also carefully examined, but very few plants showed foot-rot 
lesions. Pieces pf material showing these lesions were plated and 
cultures were obtained of Fusarium and other organisms. The 
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occurrence of foot-rot in the check plants was expected, as the soil was 
known to harbour foot-rot organisms. Observations on the reaction of 
the varieties to the inocula F. 23 and F. 30 are given in Table 3. 


Table 3. 


Inoculum P.80. 

! Inoculum F.23. 

Wheat Variety. 

Observations. 

Wheat Variety. 

Observations. 

Baldmin 

Medium to severe infection i 

Ford 

Medium to severe infection 

Bena 

Slight infection 

Florence .. 

Medium to severe infection 

Bobin 

Many plants severely foot- 

Firbank .. 

Slight to very severe in¬ 


rotted 


fection 

Moira 

Slight to severe infection 

Cleveland .. 

Slight infection 


It is concluded from the results of the field trials that the incidence 
of foot-rot was due principally to b\ culmornrn with which the soil was 
inoculated at the time of sowing. 
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The Nomenclature of Australian Soils. 


By J. A. Prescott* M.Sc., and J. K. Taylor,^ MSc., BA. 

During the course of soil surveys carried out by the Division of 
Soil Research during the past three or four years, it has been cus¬ 
tomary to denote the soil types encountered by means of numbers and 
letters pending a more general knowledge of the distribution and rela¬ 
tive importance of the various soil types recognized. The basis for 
the definition of any given type has been the soil profile, usually to 
a depth of 6 feet or to parent rock, soils having profiles uniformly 
similar in every respect belonging to the same type, while minor varia¬ 
tions within the profile could be treated as phases of the type. With 
increasing experience, it is now becoming possible to give the types 
recognized specific names, and the binomial system of the United States 
Department of Agriculture, which has recently been discussed by 
Lee,^^^ has proved to be the most convenient for this purpose. The 
authors have also been in correspondence with Dr. 0. F. Marbut, of 
Washington, and Professor C. F. Shaw, of California, on the subject. 
In this system, each soil type receives a ‘‘series’’ name, a geographical 
term defined by the locality where the type was first recognized or 
where the soil is most typically developed, and a class name defining 
the texture of tlie surface soil, this texture being determined both from 
field and laboratory examination of the type. N'o attempt has been 
made as yet to place closely related soils into “ families ” or similar 
associations, but generally speaking each soil type can be readily placed 
into one of the major soil groups. 

Although the word “ series ” is used for the preliminary grouping 
of soils having a common profile except for the texture of the surface 
soil, many soil series contain only one or two soil types, and the use 
of the word is somewhat unfortunate in that it tends to confuse new¬ 
comers to the subject, and obscures the fact that soils belonging to 
several different series may be just as closely related as soils belonging 
to the same series. This does not, however, detract from the funda¬ 
mental soundness of the system. 

An examination of the soils so far defined on a profile basis in 
Australia reveals the fact that each of these recognized soil types con¬ 
forms either to a soil type as defined by the United States of America 
system, to a phase of a soil type, or occasionally to a new type within 
the same family. It has, therefore, proved possible to give names to 
most of the types already recognized, and the series names have been 
registered with Professor C. F*. Shaw, of the University of California, 
in his capacity as registrar for the International Society of Soil 
Science. The following table gives a list of names of the types now 
recognized, together with references to their published description. 
In a few cases, recognized types are not sufficiently important to justify 
naming at the present stage. 

* Chief, Division of Soil Research, O.S.l.B.; also Professor of Agricultural Chemistry, Waite 
Agricultural Research Institute, University of Adelaide, 
t Division of Boll Research, O.8.I.R. 
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Table 1.—^Details of the Names op recognized Soil Types with 
References to Descriptions and Observed Occurrence. 


Original 

Soil Type Names. 

Phases. 

Observed Occurrence. 

Refer¬ 

ences. 

1 

Murray sand .. 

.. 

Renmark (S.A.) .. 

Mildura (Vic.) 

Swan Hill (Vic.) 

(2). (8) 
(6) 

2 

2a 

2b 

Mobilong clay 

(а) Deep (normal) 

(б) Medium 
(c) Shallow 

Lower Murray River 
Swamps (S.A.) 

(4) 

3 

3a 

Bookmark sandy loam .. 
Bookmark clay loam .. 

Renmark (S.A.) .. 

(2). (6) 

6 

5a 

5b 

Ral Ral sandy loam .. 
Ral Ral clay loam 

Ral Ral loam 

.. .. 

Renmark (S.A.) .. 

(2), (5) 

6 

6a 

6b 

Renmark loam 

Renmark clay loam 
Ronmark sandy loam 

.. 

Renmark (S.A.) .. 

(2). (5) 

7 

Woorinen loam 

. • .. 

Swan Hill (Vic.) .. 

(3) 

9 

Beverford clay loam 


Swan Hill (Vic.) .. 

(3) 

10 

Swan Hill clay 

.. .. 

Swan Hill (Vic.) .. 

(3) 

•• 

Millicent clay 

(a) Shallow 

(b) Deep (normal) 

South-Eastern Dis¬ 
trict (S.A.) 

(8) 

1 

Meadows sand 

Meadows fine sand 

1 Meadows clay loam 

Hd. of Kuitpo (S.A.) 

(7) 


1 Kuitpo gravelly sandy 
! loam 

.. 

Hd. of Kuitpo (S.A.) 

(7) 


1 Myponga sand 

1 Bnrbook sandy loam .. 

.. .. 

Hd. of Kuitpo (S.A.) 

(7) 


{a) Normal 
\h) Shallow, stony 

Hd. of Kuitpo (S.A.) 

(7) 


Currie calcareous sand .. 

King Island 

(8) 


Yambacoona sand 

.. .. 

King Island 

(8) 


1 Nugara sandy loam 

.. 

King Island 

(8) 


1 Pegarah fine sandy loam 


King Island 

(8) 


Naracoopa sand 

.. 

King Island 

(8) 


Lappa sand .. 


King Island 

(8) 


Taroona sand 


King Island - .. 

(8) 


Camp Creek sandy loam 


King Island 

(8) 
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PLATE 1. 


(The Root Bystem of the Sultana. Bee page 88.) 



Top loft.—A profilo at a distance of 2 ft. 6 in. from the butt of a vine. 

Top right. Portion of a main root of a Zante Currant vino. The ascending 
tondeiuy of the laterals and the effect of injury by the plough are shown. 

Bottom loft.— Tlio butt of a Sidlnna vino eight years old. 

Pottom right.—'I'hc root system of a Zaiito Currant vine during the course of 
excavation, showing horizontal spread of roots. The root system of the 
Currant is very similar to that of the Bultana. 
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NOTES. 


Co*operative Investigations into the Problems of the Cattle Industry of 

North Australia. 

As yet, little information ktia been published regarding the co-oper 
ative investigations that have recently been initiated into the various 
problems of the cattle industry of North Australia. However, now that 
active work on these problems is about to commence, a brief account of 
the whole scheme of investigation and of the considerations that led up 
to its formulation may be of interest. 

The proposal began to take shape some years ago when the Empire 
Marketing Board offered to contribute towards the establishment of a 
Tropical Research Station in xVustralia, on a £1 for £1 basis and up to a 
maximum of £25,000 for cai)ital and £5,000 per annum for maintenance 
over a period of five years. This offer was made shortly before the 
holding of the 1927 Imperial Agricultural Research Conference, which, 
among other thijigs, supported in general the establishment of a 
chain ” of tropical research stations throughout the Empire. 

The scheme was given very careful consideration by the (Council 
ffor Scientific and Industrial Research), but as time went on it became 
increasingly evident that xVustralian conditions and problems did not 
warrant quite the kind of station the above-mentioned Conference had 
in mind. For instance, although quite a large proportion of Australia 
lies within the Tropics, yet the greater part of that area is compar¬ 
atively dry and does not possess the luxuriant vegetation of normal 
tropical regions. Moreover, it became evident that the problems of 
North Australia were problems connected with the production of 
animals rather than the production of plant products. Finally, many 
of the authorities consulted came to the conclusion that it would be 
better for the Council to establish sub-stations in Queensland to 
undertake investigations on different tropical problems and to arrange 
for the efforts of these sub-stations to be controlled by the Council 
through its various Divisions, rather than to establish a new and 
independent large station which would after all be concerned with the 
same branches of science as those already covered by the Divisions. 

As a result of these and other considerations, the proposal to 
establish a Tropical Research Station was modified in the direction of 
concentration on the animal side as distinct from the plant side. 
Finally, after numerous discussions between the Empire Marketing 
Board, the Government and other interested organizations in Queens¬ 
land, the following scheme of co-operation was agreed upon by all 
parties. 

Co-operating Bodies .—In the first place, Queensland cattle-owners 
have voluntarily requested their State Government to levy un them to 
the extent of Is. per 100 head of cattle they possess. This levy is 
being made under The Diseases in Stock and Brands Act, Amendment 
Act 1931”, and all cattle owners possessing less than 100 head are 
exempt. In this way, approximately £2,000 per annum is being made 
available for the work. 

In addition, the Queensland Department of Agriculture and Stock 
is making available the sum of £1,000 per annum, which amount it was 
previously expending at Townsville. It is also making available its 
laboratory at Townsville. The necessary alterations to this building 
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are now being made, but they are expected to be complete within a 
month or so. Finally, the Council of Agriculture in Queensland is 
also making a contribution of £300 per annum for five years. 

All the above contributions arc being matched on a £1 for £1 basis 
by a grant from the Empire Marketing Board, which grant itself is 
for a period of five years and up to a maximum of £5,000 per annum. 

Staff .—The initial staff of the laboratory will consist of A. W. 
Turner, D.Sc., D.V.Sc., as Officer-in-charge, John Legg D.V.Sc., 
R. B. Kelley, B.V.Sc. (Field Officer), and A. D. Campbell, B.V.Sc., 
Assistant Bacteriologist. In addition a laboratory assistant and a 
station foreman will be appointed. Dr. Turner left for Townsville in 
January. Prior to that, he was located at the Veterinary Research 
Institute, Parkville, where among other things he was responsible for 
the carrying out of the Division of Animal Health’s investigations into 
black disease of sheep. With the exception of Dr. Legg, the other 
members of the staff followed Dr. Turner a little later. Dr. Legg has 
been seconded to the Council from the Queensland Department of 
Agriculture and Stock, and is now in South Africa inquiring into 
developments that have taken place there and in particular at the 
Onderstepoort Veterinary Research Station, regarding ticks and tick- 
borne diseases, 

Prograrmm of Investigations .—The problems which have been in¬ 
cluded in the initial programme are as follows:— 

(i) Ticks and tick fever; (ii) pleuro-pneumonia of cattle; 
(iii) tuberculosis of cattle; (iv) peg leg disease; (v) walkabout 
disease in horses; (vi) black leg; (vii) onchocerciasis (worm 
nodules) ; and (viii) internal parasites. 

In the first year or so, the main problems studied will be (i) to (iv) 
above, but in periods of low incidence or as the occasion offers, due 
attention will be given to the other problems mentioned. 

(a) Tick and Tick Fever .—Prior to his visit to South Africa, Dr. 
Legg had already carried out a considerable amount of Avork on this 
problem. On his return, it is proposed that he will make a further 
study of the tick and those blood parasites conveyed by it in Northern 
Australia. It is obvious that a knowledge of these parasities is 
necessary in order that satisfactory immunising agents may be prepared. 
In addition to this phase of the problem, it is proposed to study what 
appears to be a natural resistance of certain strains of cattle to ticks, 
and also certain natural conditions—particularly as existing on one or 
two stations in Western Australia—which for some hitherto 
undetermined reason appear to be natural deterrents of the tick. 

(2>) Contagious Pleuro-pneumonia of Cattle .—It is proposed to 
make a further study of diagnostic methods and their practical value, 
and the degree of immunity induced by a natural infection from which 
recovery has apparently taken place, in order to determine whether 
infection ever does clear up and re-infection occur. Exhaustive tests 
regarding the efficacy of vaccines are considered to be urgently 
necessary, and if of real value the possibility of discovering more 
satisfactory means of preparation of such vaccines would be studied. 

(c) Tuberculosis in Cattle ,—The present theories as to the means 
of spread of contagion do not seem adequate to explain the high 
incidence found on certain tropical properties. Investigations from 
this point of view are therefore proposed both in the laboratory and in 
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the field. These will be supplemented by tests with vaccine particularly 
that known as B.C.G. and later on it is hoped with the Spahlinger 
vaccine. 

{d) Peg-leg Disease, —The evidence available points to this disease, 
which affects cattle, being due to a nutritional disorder and possibly 
a lack of phosphorus. To some extent, however, the evidence is 
conflicting. It is therefore proposed to study the symptoms, pathological 
changes, &c., in order that a practical means of preventing the 
appearance of the condition may be developed. 

(c) Walkabout Disease and Poison Plants in General, —Walkabout 
disease of horses causes considerable inconvenience to station 
activities in certain parts of Queensland. The condition as it occurs in 
Western Australia has been investigated by the Council (see Bulletin 
No. 36), and as a result, consumption of white wood by horses is 
considered to be the cause. In some parts of Queensland, however, the 
results of this work are evidently not applicable in their entirety. It 
is accordingly proposed to carry out some investigations at Townsville 
as occasion offers. 

In addition to whitewood, there are various other poisonous plants 
affecting the cattle industry of the north; and as comparatively little 
work has been carried out on the matter, it is proposed to investigate 
various suspected plants. 

(/) Black-leg. —This disease is of no little importance, particularly 
in Central and Southern Queensland, amongst stud and dairy calves. 
A solution of the problem would thus be of considerable value to the 
dairy industry of Queensland. 

{g) Onchocerciasis {Worm Nodules in Cattle), —This disease is one 
of the most severe taxes on the export beef trade that Austr^ia has to 
contend with. A considerable amount of investigation has already been 
devoted to the problem by Australian workers, but the assumed insect 
vector has not yet been discovered. 

{h) Advisory CornmiUee. —It is proposed to set up a small Advisory 
Committee representative of all the co-operating organizations to 
advise generally in connexion with the above work which is to be 
carried out at Townsville as the main centre. 


Investigations on the Storage and Transport of Meat. 

In the previous issue, a short note dealing with the Council’s ret- 
cently established section of food preservation and transport was given. 
The section’s programme of work on meat and meat products is to 
be put in hand almost at once, largely as the result of facilities made 
available by the Queensland Meat Industry Board. The following 
is a brief account of the proposed investigations and their objects. 

The laboratory where this work will be undertaken is being estab¬ 
lished at the Brisbane Abattoir, Cannon Hill, Brisbane, and will 
probably be complete in July next. The buildings and equipment 
will be erected at the expense of the Meat Industry Board, while the 
Council (for Scientific and Industrial Kesearch) will supply and main¬ 
tain the necessary research workers. Being linked so closely with a 
modern meat works erected to deal with the export as well as the local 
meat rquirements, it is believed that adequate facilities will be avail¬ 
able to study any pressing problem connected with the treatment side 
of the meat industry, and that the usual time lag between the successful 
solutions of these problems and their application to industry will be 
greatly reduced. 

C.4013.—8 
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The laboratories will consist of two rooms fitted for bacteriological, 
chemical, and physical investigations, and several cold chambers 
specially fitted to secure strict control of temperature, relative humidity, 
and the composition and rate of movement of the enclosed atmosphere. 

The problems initially to be studied may be summarized as follows:— 

Chilled Beef .—Unless Australia is able to supply consumers over¬ 
seas with beef in a condition closely resembling the fresh article, it is 
probable that export will continue to diminish in volume; at present 
the chief outlets for frozen beef in Great Britain are by contracts with 
military, naval, and poor law authorities, very little passing into 
general public consumption. Moreover, it is unlikely that the export 
of packaged quick-frozen cuts of beef will be commercially possible, 
at least for many years to come. Investigations designed to secure the 
export in the chilled condition of a considerable proportion of Aus¬ 
tralian beef would, therefore, seem to be essential if Australia is not 
to withdraw from the beef exporting trade. 

The investigations will be concerned initially with the nature and 
extent of the deterioration of the fat and tlesh of beef held at tem¬ 
peratures approximating to 30 deg. F. for periods up to 60 days in 
duration. Because microbial attack is likely to be the most serious » 
factor in deterioration, investigations will also be undertaken to deter¬ 
mine the best methods of handling and treating sides of beef prior 
to chilling. Concurrent with these studies, others will be undertaken 
to determine the optimum temperature, relative humidity, rate of air 
movement, and composition of the atmosphere necessary during both 
the initial cooling of the sides ainl the period of holding at chill ’’ 
temperatures to suppress microbial growth for a period of storage of 
55 to 60* days. If these small scale experiments enable beef to be 
stored successfully for this period (sufficient to cover the duration of 
the voyage to Great Britain), the tests will be projected on to a semi- 
commercial basis. 

The Handling, Freezing, and S forage of Edible Off of. —Investiga¬ 
tions will be undertaken with the view to preventing the formation of 
‘‘ freezer and storage burn,’’ and to secure, i!i the thawed product, a 
texture more closely resembling fresh, unfrozen ofial. 

The Freezing, Storage, atid Thawing of Bacon Pigs .—Although 
experiments in England have indicated that it is possible to manufac¬ 
ture good bacon and hams from frozen pigs, there are several studies 
still needed to be carried out, more particularly in regard to the 
maximum possible duration of storage of the frozen pigs, the optimum 
temperatures of storage, and the best method of thawing. Studies in 
conjunction with one or several Departments of Agriculture, will be 
needed to determine the type of fat to be developed in the pig to with¬ 
stand successfully the onset of rancidity during the chain of treatment 
of freezing, storage, thawing, curing, and smoking. 

By-Products ,—Further investigations on the rapid freezing of cuts 
of meat and on the treatment of endocrine glands and other organs 
for the subsequent manufacture of pharmaceutical preparations may 
be carried out in close co-operation with the Low Temperature Research 
Station, Cambridge, England. 

General .—It is hoped that eventually the resources of the laboratory 
will permit of studies being undertaken of any phase of meat works 
teeWque, including physical investigations of the engineering side 
which, up to the present, has been developed almost entirely by 
empirical methods. It 'might also be mentioned that it is hoped 
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later to initiate experiments at this laboratory which may aid in the 
elimination of the wastage occurring in the transport and handling 
of tropical fruits, and also extend the range of tropical fruit exported 
from Queensland. 


The Export of Australian Meat—A Trade Union’s Gift for Research. 

The bodies co-operating in the above note dealing with the inves¬ 
tigations at Cannon Hill, Queensland, have recently received most 
welcome encouragement in the form of a spontaneous gift of £50 from 
the Queensland Branch of the Australasian Meat Industry Employees’ 
Union. In forwarding a cheque for this sum, the branch secretary 
wrote as follows:— 

In order to add our mite to furthering the eiforts of your 
Council and to do our bit for the meat industry, t am directed 
to forward you the emdosed eho(|uo for fifty pounds (£50), and 
to inform you that my Union will make a further contribution at 
a later late.” 


The Buffalo Fly Problem—Liberation of the Parasitic Wasp Spalangia sp. 

The Onineirs Division of Economic Entomology hopes very 
shortly to liberate in North Australia a consignment of the parasitic 
Avasp (Spahingia sp. (BzC))* with a view to ascertaining whether 
the widespread use of that A^ariety of insect Avould be of value in the 
possible control of tlu* buffalo fly. 

As explained in the article, ‘‘The Buffalo Fly in Australia,” which 
appeared in a previous issue of the Journal (Vol. 4, No. 4, 1931), 
it is recognized that no parasite can ever he expected to eradicate the 
fly completely, hut noA^ertheless it is hoped that the introduction of 
the natiiial enemies of the fly will reduce its abundance to such an 
extent that it can no longer he considered as a serious menace to the 
cattle industry. Attention Avas first draAvn to the possible value of 
Spalangia by Dr. Nieschulz, of the Veterinary Institute, Buitenzorg, 
Java. This reference Avas contained in a report made to the Council 
some years ago, the iinvestigator mentioned then referring to the 
parasite as “ BzC.” 

An abundance of evidence’ has been made available to the Council 
to the effect that the buffalo fly {Lyperosia exigna de Meijere), 
although it exists throughout the Netherlands East Indies, is not the pest 
th(‘re that it has become in North Australia. The importation of this 
Avasp into Australia is not likely to bo follo-wed by any untoward 
results, as no species of the genus Spalangia is knoAAm to cause any 
economic damage, and the gmuis as a AAdiole is to be regarded as com¬ 
prising a gi'oup of beneficial insects. Some species haA^e, in fact, 
already been found in Australia, and there is one in the Northern 
Territory Avhich is knoAvn to parasitize puparia of Lyperosia. How¬ 
ever, the species of which a hybrid race is now to be introduced is the 
most abundant and widespread so far discovered in the Netherlands 
Indies. It does not attack buffalo fly only, but is also parasitic on the 
puparia of other flies, e.g., Mmca, Biomyia, &c. Nevertheless, it seems 
to prefer the buffalo fly. 

The first district for the liberation Avork is to be Burnside Station, 
Brock’s Creek, North Australia. Professor E. Handschin, of the 

• Actually a hvbrid race of Spalatif/ia will he liberated, thia hybrid being one of the croaaes 
obtained from mnting the Jnvai'.efie species r*rL with the Australian spcclea AC. 
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University of Basle, who has been in charge of the investigation in 
Java for the last two years, arrived in North Australia with a con¬ 
signment of these insects in April last. As soon as it is quite certain 
that this shipment is free from secondary parasites, it is proposed to 
breed the wasps in numbers and to liberate them in the district. 


The Buffalo Fly Problem—Co-operation of the Veterinary Services of 
the Netherlands East Indies. 

With the transfer of Professor Handschin to Australia in order to 
make the liberation of Spalangia referred to in the previous note, the 
investigational work being carried out in the Netherlands East Indies 
by officers of the Council has been closed down, at any rate, for the time 
being. 

Throughout their stay of some years in Java, the investigators have 
been freely afforded most helpful co-operation by the Veterinary Service 
of that country, and in particular have been accommodated at the 
State Veterinary Institute at Buitenzorg, where the whole resources of 
that Laboratory have been placed at their disposal. 

With the closing down of the work, the Prime Minister has asked 
His Majesty’s Consul-General at Batavia to convey to the Government 
of the Netherlands Indies the warm appreciation and thanks of the 
Commonwealth Government ‘^for the advice and assistance which 
Dr. Van Eyck, as Director of Veterinary Services of the Netherlands 
Indies, Dr. C. Bubberman, as Director of the State Veterinary Insti¬ 
tute, and their colleagues, Dr. B. J. Krijgsman and Mr. Pinto, have 
so helpfully and so ungrudgingly given to those officers in the service 
of the Commonwealth of Australia who have been pursuing investiga¬ 
tions in Java into the problem presented by the buffalo fly.” 


A Sheep Branding Fluid Non-injurious to Wool. 

(Coniribuied by D. MvrnariP, B,V,8c., Division of Animal Health). 

It is well known that the question of evolving a sheep branding 
mixture which meets the requirements of the wool-grower and at the 
same time is non-injurious to the wool (i.e., is easily removed in scour¬ 
ing operations) has been engaging the attention of the British Wool 
Industries Research Association for some time. The position has been 
more fully explained in a previous article (this Journal, February, 
1931, p. 33), in which it was stated that the association recommends for 
use in Australia a mixture of the following composition :— 

Wool fat ., .. 30 parts by weight 

Resin .. ..22 „ „ 

Carnauba wax . . 3 „ „ „ 

Kieselguhr .. 18 „ „ „ 

Ignited iron oxide .. 6 „ „ „ 

Emco spirit to desired consistency. 

While branding fluids made up to this formula are apparently 
quite satisfactory from the wool-scourer’s point of view, they have been 
criticized in Australia on the ground of illegibility. That this criti¬ 
cism is not always warranted is made evident by the result of the 
following test. 

In June, 1931, a number of shorn comeback wethers at the 
Veterinary Research Institute, Parkville—a portion of which is the 
Melbourne laboratory of the Division of Animal Health—were branded 
with a mixture made up according to the Association’s formula given 
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above. Since branding^ the sheep have been continuously exposed to the 
weather. Ten months have elapsed, and the brands are now plainly 
visible and equally as good as control brands on the same sheep made 
with a well known and commonly used black proprietary marking fluid. 


Co-operative Horticultural Research—Root Stocks of Apples. 

For some time past, certain problems have existed in connexion 
with the production of apples in Queensland, and particularly in the 
Stanthorpe district. Mr. E. G. Hatton, Director of the East Mailing 
Research Station, who visited the district during his recent visit to 
Australia (see this Journal, Vol. 3, November, 1930, page 240), is 
of the opinion that the troubles are due very largely to the use of 
inappropriate root stocks. Incidentally, Mr. Hatton was rather im¬ 
pressed during his visit with the possibilities that existed in Australia 
for the application of the results of the researches that have been 
carried out under his direction at East Mailing. 

The matter has recently been discussed with the Manager of the 
Queensland Committee of Direction of Fruit Marketing, and as a 
result the Trustees of the Science and Industry Endowment Fund have 
arranged to appoint a research student to spend twelve months at the 
East Mailing Station. After that, he will return to Australia, join 
the staff of the Council, and carry out some investigations at Stan¬ 
thorpe. The Committee of Direction has agreed to meet the cost of 
Ijis salary for the three years subsequent to his return to Australia. 


The Part Played by Termites in the Destruction of Commercial Forest 
Trees—Report by Mr. 0. P. Hill. 

It has been suggested that there may be some association between 
heart rot and termite attack of ash trees (Eucahjphis spp.), and with 
the object of ascertaining whether this is the case, some preliminary 
investigations have been made in the Brindabella Mountains, Federal 
Capital Territory, by Mr. G. F. Hill, of the Division of Economic 
Entomology, Canberra. The results are recorded in a report recently 
received from the Division. 

The evidence so far gathered does not support the view that there 
is any such association as that mentioned above; it was found, how¬ 
ever, that many apparently healthy trees were rendered commercially 
valueless as a result of termite damage. Ninety-four per cent, of the 
larger trees (over 10 inches diameter) examined were found to harbour 
termites, whereas 4 per cent, only of the smaller trees (4 inches to 10 
inches diameter) Avere infested. Five species of termites were found 
in ash trees (F. gigamfea and F. fastigafa), of which number only 
one, Porofermes adamsoni, is considered to be of major economic 
importance. (Fifty-eight per cent, of the large trees examined were 
found to be attacked by this species.) In moat cases it appeared that 
the insects had gained access to the tree at a point near the ground 
where the trunk showed external evidence of fire damage. In all, 
about 460 living trees were examined in the F.C.T., of which number 
about 42 per cent, were found to be more or leas damaged by the 
thirteen species of termites which were recognized. The habits of 
the more important species are discussed in the report, and photo¬ 
graphs a're appended to illustrate various types of damage. 

The distribution of Porofermes coincides more or less closely with 
that of species of ash, which in New South Wales, Victoria, and 
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Tasmania are known to be seriously damaged by this termite. Further 
investigations are being made in the F.C.T., and it is suggested that 
these should be extended to include one of the principal ash forests 
of Victoria, where the losses due to “ heart rot are considerable. 


Pine Aphis.—Liberation of Parasites. 

In a previous issue (Vol. 4, November, 1931, page 254), reference 
w’as made to the damage caused to plantings of exotic pines (e.g., 
Pinm rcuiiata {inslgnis)) in Australia by the pine Chernies* (Fineus 
pini). It was also stated that the Division of Economic Entomology 
was looking into the question of parasites likely to check the pest. 
Some progress has been made with that work, and recently a parcel 
of two varieties of insects, namely, Tlemerobius stigma and Leucopis 
ohscura, has been brought to Australia from England. Both these 
insects belong to a recognized class of entirely beneficial insects, and 
are incapable, from their structure, of doing any harm to economic 
plants since their larvae are predatory in insects, and are confined to 
Chermes and allies as hosts. For example, the larva of L, ohscura is a 
legless grub which attacks Chermes and feeds upon them by piercing 
them and sucking them (or their eggs) of their contents. It grows 
rapidly, and when mature pupates beneath the woolly covering of its 
dead hosts. 

After having been examined to be sure that they wore true to name 
and free of parasites, the individuals of Leuro}yis ohscura have been 
liberated on scale-infested trees in the Federal Capital Territory. 
Unfortunately, all the individuals of Ilemorohius stigma died shortly 
after their arrival at Canberra. These particular individuals were 
sent i,u the adult stage, however, but within the next foAc weeks a 
further supply, this time consisting of eggs, will reach Australia. 


Czecho-Slovak Academy of Agriculture. 

Through the Consul-General for the Czecho-Slovak Kepublic, the 
(^uncil has recently received a copy of a booklet describing the various 
activities of the Czecho-Slovak Academy of Agriculture. Arrangements 
are now being made for an interchange of literature between the two 
bodies. 

The primary aim of the Academy, which was established in 1926. 
is the promotion of agricultural research and the practical application 
of its results in Czeeho-Slovakia. Its activities are divided within the 
scope of six sections and of numerous working committees. The six 
sections already established are those of farming, forestry, horticulture, 
fruit growing and viticulture, agricultural industries, economics, and 
literature and culture. 

The chief publication of the Academy is the C.A.A. Bulletin 
(Vestnik). Comprehensive summaries in English, French, and German 
are included in each issue, and give the gist of all of that number^s 
contents likely to be of interest to foreigners. 

The Academy is housed in a commodious building in Prague. Its 
management is in the hands of a Presidential Council, which is elected 

* In the previous note thf9 ihstet was referred to as the pine aphis {Chermes pini). 




for a period of three years. It consists of a President, two Vice- 
presidents, and a General Secretary. Membership may be divided into 
three categories— 

(1) Honorary membership awarded for permanent service to 

agriculture. The number of honorary members is limited 
to 40, half of whom may be foreigners. 

(2) Corresponding membership. This is limited to foreign 

experts, and they are elected at the annual general 
meeting. 

(3) Active membership is limited to Czecho-Slovak subjects who 

have done outstanding work in agricultural science, or 
who have contributed to rural cultural progress and agri¬ 
cultural production. 


Recent Publications of the Council. 

Since the last issue of the Journal, the following bulletins and 
Pamphlets of the Council have been published:— 

Bulletin No, 59.—Radio Research Board: Report No. 2,” by 
A. L. Green, M.Sc. 

The investigations of the Radio Research Board have for their 
object the acquia’cment of knowledge of the propagation and char¬ 
acteristics of artificially and naturally generated electro-magnetic 
waves, with particular regard to those used in or affecting radio com- 
raunication in Australia. The work described in Bulletin 59 has 
been carried out in pursuance of that object. The Bulletin itself 
consists of two papers, one entitled “ The State of Polarization of Sky 
Waves,’’ and the other Height Measurements of the Heaviside Layer 
in the Early Morning.” 

The investigations have proved of no little interest in that they 
have confirmed an important hypothesis in connexion with the Heavi¬ 
side Layer, namely, that whereas the polarization of a Avave reaching 
the earth after reflection from the layer in the Northern Hemisphere 
has been found to be circular with the sense of rotation left-handed, 
the polarization of such a wave in the Southern Hemisphere would 
still be circular, but with the sense of rotation right-handed. No work 
on this particular matter had previously been ever carried out in the 
Southern Hemisphere. The iin^estigations have also resulted in the 
discovery that one property of down-coming radio waves, namely, their 
polarization, Ls reasonably constant from night to night. 

Bulletin No. 60.—Radio Research Board: Report No. 3—The 
Influence of the Earth’s Magnetic Field on the Polarization of Sky 
Waves,” by W. G. Baker, B.E., B.Sc., and A. L. Green, M.Sc. 

The Bulletin consists of a theoretical discussion of the earth’s 
magnetic field on the propagation of sky waves of broadcast frequencies 
in the Heaviside Layer. The fundamental value of the report lies in 
the additional light it has thrown on the behaviour of radio tran-s- 
missions once they have left the emitting station. Encidentally, it is 
interesting to note that authors predict that at night radio direction¬ 
finders in the Southerii Hemisphere will be liable to much smaller 
errors of bearing when the direction-finder is situated to the north of 
the transmitter than when it is to the south. 

Pamphlet No. 25.—“ Termites (White Ants) in South-eastern 
Australia,” by Gerald F. Hill. 

The publication gives a simple method of identification of the 
varieties of white ants found in south-eastern Australia, and also a 
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discussion of the different ways these insects damage timber and forest 
trees. The pamphlet was written with the principal object of pro¬ 
viding a reliable guide to foresters and others interested in the forest 
flora of Australia on the subject of the damage caused by termites or 
white ants. A further objective of the paper is to interest a large 
number of forestry workers in these insects, in the hope that they will 
collect them more frequently and send in their specimens to Mr, Hill 
for identification. With these ends in view, the paper has been written 
in simple language, and such scientific and technical terms as are 
unavoidably used have been defined in a glossary. 

Pamphlet No, 26.—The Irrigation of Horticultural Community 
Settlements,” by A. V. Lyon, M.Agr.Sc. 

This pamphlet was prepared largely at the instance of a represen¬ 
tative conference on the dried fruit industry, which met late in 1930, 
and which considered that one way in which the industry could be 
helped would be by assisting the various Irrigation Advisory Boards, 
firstly, by furnishing them with technical advice concerning the 
periodicity of irrigation; and, secondly, by carrying out a programme 
of investigational work in regard to frequency and method of irriga¬ 
tion as affected by soil type, climate, and crop requirements. The 
publication, which was prepared mainly for the guidance of Advisory 
Boards in the Murray Valley settlements, presents data indicating the 
nature of the main controlling factors leading to possible waste at the 
present time. It also contains suggestions regarding the initiation 
of corrective measures. 

Forthcoming Publications of the Council. 

The following publications of the Council are now in the press:— 
Bulletin No, .—Studies in Supplementary Feeding of Merino Sheep 
for Wool Production, I.” By Hedley K. Marston. 

Bulletin No, .—The Kipening and Transport of Bananas in 
Australia.” By W. J. Young, D.Sc., L. S. Bagster, D.Sc., E. W. 
Hicks, B.A., B.Sc., and F. E. Huelin, B.Sc.; and in part by B. A. 
Holloway, B.Sc., B.E., and O. P. Barr, B.E., of the ISTew South Wales 
G*overnment Railways. 

Bulletin No, .—Radio Research Board: Report No. 4.” 1. 
A Preliminary Investigation of Fading in New South Wales, by 
A. L. Green, M.Sc., and W. O. Baker, B.E., B.Sc. 2. Studies of 
Fading in Victoria: A preliminary Study of Fading on Melium Wave¬ 
lengths at Short Distances, by R. O. Cherry, M.Sc., and D. F. Martyn, 
Ph.D., A.R.C.Sc. 3. Studies of fading in Victoria: Observations 
on Distant Stations in which no Ground Wave is Received, by R. O. 
Cherry, M.Sc. 

Bulletin No, .—^^A Soil Survey of the Cadell Irrigation Area 
and New Era, South Australia.” By T. J. Marshall, B.Sc. (Agr.), 
and A. J. King, A.A.C.I. 

Pamphlet No, , —The Possibilities of the Zebu Cross in con¬ 
nexion with the Cattle Industry of North Australia.” By R. B. 
Kelley, B.V.Sc. 

Pamphlet No, .—“ The Pig Industry. Report on observations in 
Great Britain and America with possible Australian Applications.” By 
R. B. Kelley, B.V.Sc. 
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The Mineral Content of Pastures. 

Report on Co-operative Investigations in Progress 
at the Waite Agricultural Research Institute. 

By Professor A, E» V. Richardson,'^ M,A., D.Sc, 

1. Introduction. 

Ill 1927, the Empire Marketing Board agreed to undertake, in 
eo-operation with the Council for Scientific and Industrial Research 
and the University of Adelaide, an investigation of the mineral content 
of pastures. 

The investigations were commenced in July, 1927, but owing to the 
lack of laboratory facilities in the earlier stages, it was not possible 
to appoint the full staff contemplated under the agreement until 1929, 
when the jx^rmanent laboratories were available. The full-time staff 
engaged on this investigation comprises three cliemists, two agrosto- 
logists, two agronomists, one plant physiologist, and four botanical 
assistants. 

The original objective of the investigation, as approved by the 
Empire Marketing Board, included three distinct phases of work:-- 

(a) Field Investigations—Study of Mineral Deficient Areas. 

The investigation of the composition of pastures with special 
reference to areas in which mineral deficiencies existed, 
and the most economic method of correcting these 
deficiencies. 

In view of the particular significance of phosphorus to .Vus- 
tralian agriculture, special consideration ^was to be given 
to the role of phosphorus in pasture production. Field 
tests were to be included to determine the effect of various 
phosphates on — (i) yield, (ii) botanical composition, 
(iii) chemical composition, and (iv) nutritive value of 
the herbage. 

(b) Factors Affecting Mineral Content of Pastures, 

The investigation, under controlled conditions, of the mineral 
intake of pasture plants at varying stages of growth, and 
of the factors affecting the mineral content of pastures. 


Director, Waite Agricultural Eesearch Institute, Unlvenslty of Ade'ai(*e. 
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(c) Factors Affecting the Water Requirements of Pasture Plants. 

In view of the special significance of rainfall to pasture pro¬ 
duction in the semi-arid regions of the Empire, an investi¬ 
gation of the relationship between mineral intake of 
pasture plants to photo-synthesis and transpiration at 
varying stages of growth was to be undertaken, together 
with the general problem of the factors affecting the water 
cost of producing pastures. 

The results of the investigation have been set out in a series of 
papers, some completed and others in the form of progress reports, for 
the information of the Empire Marketing Board and the C.S.T.K. 

2. Field Investigations. 

Before undertaking a detailed investigation of pastures in mineral 
deficient areas of Australia, it was considered desirable to make an 
intensive study of a typical natural pasture representative of the 
winter rainfall region, and to follow the changes in seasonal productivity, 
yield of inimu’al nutrients, botanical composition of the pasture whilst 
it was grazed by sheeiJ, and to determine the precise influence of soluble 
j)hosphate on natural pasture. 

(i) Effect of Solvhle Phosphate on the ProcluctivUy, t^loek-ramfing 
Capacity, and Chemical Composition of Natural PaMvre at the 
Waite Institute, 

For this purpose, 50 acres of natural pasture at the Waite Institute 
were subdivided into ten paddocks each of 5 acre^s. Six paddocks were 
left in the natural condition, and four were top-dressed with soluble 
phosphate at the rate of 2 cwt. superphosphate per acre for three* 
years. 

Two flocks of Merino sheep have been maintained for three years 
on four of the unfertilized paddocks, and two flocks on the four paddocks 
treated with superphosphate, whilst one flock was alternately grazed on 
two untreated paddocks and received a phosphatic lick as‘a supplement 
to the unfertilized pasture. 

Throughout the period, monthly records have been taken of the 
productivity, botanical composition and chemical composition of the 
pasture, the live weight gains of sheep, and the yield and quality of 
the Avool. 

The results of this investigation to August, 1931, are described 
in detail by Messrs. Davies, Scott, and Fraser in the paper Investiga¬ 
tions into tlie Mineral Content of Natural Pasture.’’ Their main 
conclusions are as follows:— 

Applications of superphosphate to natural pasture increased the 
hay yield by 65 per cent., whereas sown pasture, similarly treated, 
gave a yield of hay 108 per cent, greater than that of natural 
pasture. 

Superphosphate induced profound changes in the botanical com¬ 
position of the pasture and in the plant succession. 

At all times, the percentage of phosphorus was higher in the pasture 
of fertilized paddocks than in the controls, the mean increase being 
47 per cent. 
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Nitrogen was found to follow the same course as phosphorus, but 
the increased nitrogen content was due mainly to the altered botanical 
composition of the pasture. 

The nutritive level of the herbage consumed by the sheep was highest 
from May to September, from which date there was a steady decline 
in nutrient value. The live weights of sheep reflect these changes in 
the nutritive value of the pasture. 

Applications of superphosphate to the pasture did not change the 
weight of fleece or the quality of the wool, but as the number of sheep 
maintained on the manured pasture was 60 per cent, greater, the yield 
of wool per acre was increased in the same proportion. 

(ii) Effect of Equivalent Dressings of Phosphate as Wafer Soluble, 

Citrate Soluble, and Insoluble Phosphate on Natural Pasture, 

An area of natural pasture at the Waite Institute was sot apart 
for the investigation of the effect of equivalent quantities of phosphoric 
acid (40 lb. per acre, and in the form of superphosphate, rock phosphate, 
basic slag, and as superphosphate plus nitrogen) on the yield, botanical 
composition, ecological succession, and grazing value of Tiatural pasture. 

Messrs. Trumble and Fraser set out the results in detail in a paper 
entitled The Effect of Top-dressing with Artificial Fertilizers on 
the Annual Yield, Botanical Composition, and Carrying Capacity of 
a Natural Pasture.” 

They found that, with the exception of rock phosphate, each 
fertilizer substantially increased the yield of herbage throughout the 
seven years. During the sixth and seventh years, the increases due 
to superphosphate and nitrate of soda, and to basic slag, were main¬ 
tained to a much greater extent than superphosphate alone. The 
herbage was profoundly altered by soluble phosphates, and a succession 
of miscellaneous exotic species was induced in what was formerly a 
Danthonia dominant pasture. 

(iii) Effect of Phosphate on Natural Pasture in a Phosphate Deficient 

Region. 

An area of typical pastoral country deficient in phosphate was 
selected at Kybybolite (256 miles south-east of Adelaide), and the effect 
of phosphate on the yield, botanical and chemical composition of the 
natural pasture, and the lm*-weight increase and yield and quality of 
the wool of Merino sheep was investigated. The preliminary results 
an* summarized by Dr. J. (iriffiths Davies. 

The effect of superphosphate applied annually to natural pasture 
markedly increased the yield of herbage; and the botanical composi¬ 
tion of the pasture was profoundly modified. The change is a pro¬ 
gressive one, and the major effect is the stimulation of the annual 
(elements in the sward. The annual clovers are greatly stimulated in 
the first three or four years. Following the development of the clovers, 
there is a progressive increase in the annual grasses, which ultimately 
become dominant. 

The live weight of sheep carried per acre is greatly modified by 
pasture treatment, the greatest increase being obtained where the 
pasture was treated with b^oth lime and soluble phosphate. The pasture 
thus treated maintained times the live weight as compared with 
the control. 
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The Merino sheep does not produce the same quantity of wool 
per head when grazed in the south-east of South Australia as when 
grazing on the Adelaide plains. No significant differences in wool 
quality were observed with the various pasture treatments. 

(iv) Effect of Frequency of Cutting on the Productivity and Botanical 

and Chemical Composition of Natural Pasture, 

The results of this investigation have been recorded by Messrs. 
Davies and Sim.* 

The highest yield of dry matter was obtained from natural pasture 
by allowing the herbage to reach maturity. More frequent cutting 
tended to reduce the yield, and fortnightly cutting seriously depressed 
the yield. Pasture cut three times during the season yielded approxi¬ 
mately 94 per cent, of the yield obtained from one cut, and produced 
herbage of higher nutritive value and lower fibre content than mature 
herbage. The highest production of crude protein was obtained from 
pasture cut at two to four-weekly intervals, the higher protein content 
of the young herbage more than counterbalancing the depressed yield. 

(v) Pasture Management Investigations, 

An area of exceedingly rich soil under irrigated sown pasture was 
selected at Woods Point, on the River Murray, 60 miles from Adelaide, 
and used to investigate the effect of varying systems of pasture manage¬ 
ment on the yield, botanical and chemical composition of the pasture, 
and the yield of nutrients under systems of grazing and mowing treat- 
numts and fertilizing with phosphates, lime, nitrogen, and potash. 

Investigations are also being conducted to determine the productivity 
and persistence of species, strains, and mixtures of species. 

The results of the investigation showed that a relatively simple 
mixture of selected strains of perennial rye grass, cocksfoot, and white 
clover was highly productive under rotational grazing by sheep. 
Monthly cuts of such a pasture grazed by sheep on a 28-day rotation 
gave a total yield of 8.7 tons of dry matter per acre during the season 
following its establishment, and averaged over 25 i>er cent, protein 
and 1 per cent, phosphoric acid. 

The yield of pasture under a system of rotational grazing by sheep 
at intervals of 28 days was found to be considerably higher than that 
recorded under a system of mowing at 28-day intervals. The yield 
under grazing was found to be 30 per cent, higher than under mowing 
treatment. This marked difference in the yield is attributed mainly 
to the substantial return in nutrients in the form of animal excrements 
to the pasture under grazing treatment. 

It was found that under a system of rotational grazing, a better 
balance was maintained between the permanent gramineous and 
leguminous components than under a system of mowing. Under mowing, 
the pasture changed rapidly from a rye grass dominant to a clover 
dominant pasture. 

Permanent pastures mown at 56-day intervals throughout the year 
gave 31 per cent, higher yields than the sum of the yields from similar 
pasture mown at 28-day intervals. Lengthening the growth period of 


• Council for Sdcntlflo and Industrial Research, Pamphlet 18 (1931). 
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the pasture not only gave higher yields, but the nutritive ratio of the 
feed was better suited for fattening sheep than the narrow nutritive 
ratio of feed obtained under a system of monthly cuts. 

The stock-carrying capacity of 70 acres of permanent pasture grazed 
by sheep was recorded. The pasture carried stock at the rate of 5,924 
sheep days per acre. The mean number of sheep carried throughout the 
twelve months was 16.2 sheep per acre. 

(vi) Growth of Pasture Plants on Mineral Deficient Soils. 

Preliminary studies have been made of the growth of pasture plants 

under controlled conditions with soils from typical mineral deficient 
areas in Australasia. Quantities of soil from these areas have been 
brought to the Waite Institute and used for pot cultures with Wimmera 
rye grass. Among the soils included in this investigation are the 
bush sick ” soil of New Zealand, supplied by Mr. B. C. Aston, of the 
New Zealand Department of Agriculture, the so-called coasty soils 
of King Island (Tasmania) and Kangaroo Island (South Australia), 
the phosphate deficient soils of Cudgec (Victoria) and Kybybolite 
(South Australia), and the manganese deficient soil from Yorke 
Peninsula (South Australia). During 1931, Wimmera rye grass was 
grown on all these soils, with and without dressings of phosphorus, iron, 
manganese, &c. The chemical work has not yet been completed. 

(vii) Pasture Survey of Mineral Deficient Areas. 

As opportunity offers, pasture samples are being collected from 
various parts of Australia where mineral deficiencies are alleged to 
exist. In course of time these analyses will show the range of variation 
in mineral composition of given species of pasture plants grown under 
widely dissimilar soil and climatic regions throughout Australia. 

To interpret such analyses correctly, it is necessary to know the 
composition of a wide range of pasture species grown in a known or 
controlled environment. It is also essential to compare the pasture 
plants at fixed stages in their vegetative growth because of the known 
variability in mineral and protein content as growth advances towards 
maturity. 

Twenty pasture species commonly used for grazing in various parts 
of Australia have been grown under controlled conditions in pot 
cultures, and harvested at fixed growth stages. The material is being 
subjected to complete analysis with a view to determining the range in 
composition of each pasture species under identical soil and climatic 
conditions. The chemical work on this section has not yet been 
completed. 

(viii) Pasture Technique. 

Hitherto, little scientific work has been carried out in Australia 
on indigenous and seeded pastures. Consequently, much attention had 
necessarily to be given to the working out of a satisfactory technique 
for the investigation of grasslands. Satisfactory methods have been 
developed to measure the productivity, grazing value, and botanical 
composition of indigenous and sown pastures under grazing conditions. 
The methods developed are described in the various papers submitted 
in the progress reports. A paper by Dr. J. Griffiths Davies on The 
Experimental Error of the Yield of Small Plots of Natural Pasture” 
has been published as Bulletin No. 48 of the Council for Scientific and 
Industrial Eesearch. 
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3. Factors affecting the Mineral Content of Pastures. 

(1) The investigations on the factors affecting the mineral content 
of pastures, as outlined in the original memorandum to the Empire 
Marketing Board, have been completed and published as Bulletin No. 
49 of the Council for Scientific and Industrial Research by Messrs. 
Richardson, Trumble, and Shapter. The effect of species, growth stage 
of the pasture plant, influence of soil type, fertilizers, and soil moisture 
content on the composition of the pasture are discussed in detail in the 
Bulletin. 

(2) Investigations were undertaken to determine, under controlled 
conditions, the effect of growth stage and intensities of cutting on the 
yield and mineral content of the herbage, basal internodes, and root 
system of a perennial grass —PhaJaris tuherosa. The results are 
recorded in a paper by Messrs. Richardson, Trumble, and Shapter. 
Growth stage was found to exercise a determining influence on the 
composition of Phalaris tuherosa, especially on the protein, crude fibre, 
and mineral content. 

A downward migration of nitrogen and phosphoric acid was found 
to occur in this plant from the herbage to the basal internodes and 
root system. It was found that, during the final stages of growtli, 
potash was lost to the soil in considerable quantities from tlie herbage, 
basal internodes, and roots. 

The yields of all portions of the plant were found to be reduced 
considerably by increasing the severity of cutting. Notwithstanding a 
marked decrease in dry matter, consequent on increased cutting, there 
was a substantial increase in the yield of protein. Taking into con¬ 
sideration the yield of dry matter, yield of nutrients, and the per¬ 
manence of the plant in a semi-arid environment, three cuttings or 
grazings each season would probably give optimum results. 

4. The Water Requirements of Pasture Plants in Relation to 
Mineral Assimilation. 

The third section of the work referred to in the original m(*mo- 
randum to the Board was the investigation of the water economy of 
pasture plants in relation to mineral assimilation. A report on this 
section has been submitted by Messrs. Richardson and Trumble; it 
gives detailed results of the water requirements of twenty species of 
pasture plants, and the effect of environment, species, stage of growth, 
fertilizers, and soil type on the transpiration ratio of typical pasture 
plants. The factors affecting the water requirement of pasture plants 
are of significance to all pastoral regions in the arid and semi-arid 
portions of the Empire, owing to the fact that rainfall is the main 
factor which limits production from pastures. 

5. Extension of Scope of Original Investigations. 

In the progress report of the 27th July, 1929, printed as Pamphlet 
No. 17 of the Council for Scientific and Industrial Research, it was 
pointed out that the natural grass land associations found in any 
locality or on &nj given area are a reflex of the environment, expressed 
in term^ of climate,^ soil composition, and pasture management, under 
which the pasture is grown. Moreover, these grassland associations 
may be profoundly altered in botanical and chemical composition and 
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the yield of minerals by the introduction of new pasture plants in the 
sward, by the use of fertilizers, and by varying the character of the 
pasture management. 

(i) Pure Species and Pasture Management Investigations. 

The investigations show definitely that while the environment 
exerts an important influence on the mineral content of each plant 
species, there is a limit to the ability of plants to make use of available 
mineral nutrients, a limit imposed by the nature of the species itself. 
Moreover, ditfercntial ability to absorb mineral nutrients from non¬ 
water-soluble sources has been demonstrated among pasture plants.* 

Pure species investigations in rtdation to the mineral deficiency 
]>roblem are important, therefore, because of the possibility of estab¬ 
lishing, by proper selection of species and by pasture Tnanag<*ment, a 
minerally balanced pasture. Evid(*nce is furnished to show that the 
productivity and carrying capacity of natural pastures in the winter 
rainfall area of Australia are strictly limited, even in regions of 
moderate to good rainfall, more especially where phosphates are lacking. 

It is also shown that the most economic method of overcoming the 
mineral deficiency problem on arable land, in regions of moderate to 
good rainfall, is to njplace the ‘^natural pasture with perennial species 
adapted to the soil and climate, and to maintain tlnn’r productivity by 
appropriate methods of pasture management. Jn regions of hea^^ 
rainfall (ov(*r JlO inches), the pasture species commonly used in Britain 
and ^^ew Zealand are of special value, except in the summer rainfall 
zone. 

lnv(*stigations at the Waite Institute have shown that the replace¬ 
ment of indigenous perennial species by exotic annuals is accelerated 
by top-dressing with soluble j)hosphate. The n‘sultant pasture, composed 
mainly of annual species, has a restricted period of growth, involving 
negligible autumn and x>oor winter production, followed by excessive 
development in spring, with ultimately a heavy loss of seed and a 
markedly reduced carrying capacity in the autumn. M'essrs. Trumble 
and Davies, in a paper entitled “The Bole of Pasture Species in liegions 
of Winter Bainfall and Summer Drought,^' have shown that the most 
serious drawback of the annual species is the lack of control. The 
botanical composition is almost entirely dependent upon the annual 
seasonal conditions. Methods of improvement must necessarily incor¬ 
porate a large measure of control over the constituent species, otherwise 
improvement cannot be maintained for successive seasons. 

Top-dressing with fertilizers, harrowing, and grazing by stock are 
too weak an influence 07i annual species to counteract the variations in 
climatic forces met with. 

Preliminary investigations by the Waite Institute at eight centres 
in the winter rainfall zone have shown that a number of perennial 
species are capable of withstanding summer drought in a dormant 
vegetative condition. Selected strains of Dantlionia, Phalaris tuherosa, 
perennial veldt grass (Erharta calycina), and certain strains of 
perennial rye grass, lucerne, and various species of Atriplex have been 
demonstrated to persist and yield more abundantly than the “ natural 
pasture under the climatic conditions of Adelaide, which may be 


* Council for Soientlflc and Industrial Research, Bulletin 40 (1031). 
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regarded as representative of a wide area of moderate rainfall country 
(20 inches) in the winter rainfall region. These perennials have the 
advantage of stability due to perennial root occupation, which prevents 
opening up of the pasture and entrance of undesirable weeds. They 
are more amenable to control, are capable of providing herbage over a 
more extended period of the vear than annual species, and they respond 
to summer and autumn rainfall. Furthermore, with the possible excep¬ 
tion of Danthonia, they are higher fertility demanders than the annual 
species, and respond to cultivation and fertilizers better than the annual 
species. 

Two annual species are of special importance and significance in 
the winter rainfall region, the so-called ** Wimmera rye grass ’’— 
Lolinm subulatum —and subterranean clover. Special strains of these 
are being developed by the Victorian Department of Agriculture, and 
these, with the perennial species referred to above, are likely to meet 
the special needs for pasture establishment in the areas of moderate 
rainfall. 

For the reasons outlined above, work on pure species and investiga¬ 
tions on pasture management in representative areas of the winter 
rainfall zone have been regarded as a necessary part of the mineral 
deficiency investigations, since the whole of the evidence accumulated 
tends to show that ultimately the most economic method of overcoming 
mineral deficiencies in pastures in regions of moderate to good rainfall 
(and these support the greater portion of the stock population of 
Australia) is to replace the natural pasture with suitable species, 
or mixtures of pure species, adapted to the environment and to main¬ 
tain the pasture at a high level of productivity and nutrient value by 
fertilizers and pasture management. 

(ii) Physiological Aspects of Mineral Metabolism, 

A further extension of the scope of the investigation has been the 
development of the physiological aspects of mineral metabolism. The 
work in this field has been designed to supplement the work already 
done by fundamental studies on the mineral metabolism of pasture 
plants. 

It is hoped by such investigations to throw further light on the 
principles underlying the phenomena with which the work surveyed 
above has been concerned in a more immediately practical way. 

The work was commenced in July, 1931, when Dr. A. H. K. Petrie, 
M.Sc., Ph.D. (Cantab.), was appointed as a plant physiologist to investi¬ 
gate the physiological aspects of mineral deficiency problems. 

Two progress reports give details of the nature of the work pro¬ 
jected. The aim of the investigations in progress is the study of the 
external and internal factors governing the intake of mineral ions, and 
the part played by these ions in regulating the metabolism, growth, and 
development of the plant. Two studies on these lines are already in 
progress. 

The first concerns the relation of mineral ions to transpiration. A 
study of the effect of various manurial treatments on the transpiration 
ratio of Atriplex has been made, and is described in a progress report. 
The outcome of this and other investigations has been to show that 
certain ions, namely, nitrate and phosphate, reduce the transpiration 
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ratio to a marked extent. A scheme of work projected for the present 
year is designed to contribute to the physiological explanation of this 
reduction. 

The second of these studies has been designed to investigate the 
energy relationships of ion intake. Experimental work is being carried 
out to discover to what extent the energy made available in respiration 
is utilized by the plant in the process of accumulating mineral ions 
within its tissues. If it can be shown that the accumulation of mineral 
substances in the plant is largely governed by the amount of energy 
made available in respiration, we shall have a clearer knowledge of the 
mineral metabolism of the plant as a whole. 

6. Investigations on Manganese Deficiency in Soils. 

The investigation of manganese deficiency in soils has been inten¬ 
sively studied by the Agricultural Chemistry Division of the Waite 
Institute. These investigations were carried out in the first instance 
by Messrs. Samuel and Piper, who demonstrated that three areas in 
South Australia suffered from manganese deficiency. These are— 

(i) a rich brown volcanic ash soil from round Mounts Gam bier 

and Schank; 

(ii) a black clay humus reclaimed swamp soil from Penola; and 

(iii) a light calcareous soil from Yorke Peninsula, Kangaroo 

Island, and Eyre Peninsula. 

By means of water cultures and the use of specially prepared manganese- 
free ferric citrate, they were able to demonstrate that manganese was 
an essential element for plant growth, and that if manganese is with¬ 
held from the plant, the so-called grey speck or manganese 
deficiency disease developed. 

The results of these investigations are recorded in the Anfials of 
Applied Biology, November, 1929. 

C. S. Piper {Jov/mal of Agricultural Science, 1931) showed that the 
oxidation reduction equilibrium of the soil had an important bearing 
on the availability of manganese to plants, that normal growth on 
manganese deficient areas could be established by subjecting the soil 
to reducing conditions such as those brought about by high saturation 
or temporary waterlogging, and that the responses obtained by either 
of these treatments were similar in every respect to those obtained 
by the application of manganese sulphate to the soil. 

The application of small quantities of manganese sulphate (14-28 lb. 
per acre) has been demonstrated to be commercially profitable on the 
soil types referred to above, and to result in a great increase in produc¬ 
tion (Scott: Journal of Agriculture, South Australia, March, 1932). 

The work on manganese deficiency in soils has been an independent 
collaborative investigation by the Chemical and Plant Pathological 
Departments of the Waite Institute, undertaken in the first instance 
at the request of the Department of Agriculture of South Australia 
in 1925, which sought information on the cause of the poor growth of 
oats on certain soil types in South Australia. 

A study of the problem led to the discovery of a number of areas 
in South Australia deficient in available manganese, the necessity for 
manganese for plant nutrition, the conditions under which manganese 
could become available in the soil, and the establishment of economic 
methods of correcting the deficiency. 
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7. List of Reports on the Mineral Content of Pastures. 

A classified list of reports of the various sections of the investigation 
is submitted herewith:— 

A. FIELD INVESTIGATIONS—INVESTIGATIONS ON NATURAL 

PASTURES. 

(1) ‘'Investigations on the Mineral Content of Pastures”'—J. G. Davies, B.Sc., 

Pli.D., A. E. Scott, M.Sc., and K, M. Fraser, B.Agr.Sc. 

(2) “The ElToct of Topdresaing with Artificial Fertilizers on the Yield, 

Botanical Composition, and Carrying Capacity of a Natural Pasture ” 
—IT. C Trumble, M.Agr.Sc., and K. M. Fraser, B.Agr.Sc. 

(3) “ The Effect of Superjihosphate on Natural Pasture in a Phosphate Deficient 

Region ”—J. G. Davies, B.Sc., Ph.D., and A. E. Scott, M.Sc. 

(4) “The Mineral Content of Pastures”—A. E. V. Ricliardson, l\r.A., D.Sc. 

Published as Pamphlet No. 17, C.S.I.R. 

(f)) “The Influence of Frequency of Cutting on Natural Pasture in Southern 
Australia ”—.1. C. Davies, B.Sc., Ph.D., and A. H. Sim, B.Sc., 

B. Agr.Sc. Published as Pamphlet No. 18, C.S.I.R. 

(6) “The Experimental Error of the Yield from Small Plots of Natural 

Pasture ”—J. G. Davies, B.Sc., Ph.D. Published as Bulletin No. 48, 

C. S.I.R. 

(7) “Composition of Pasture Species from \arious Regions of Australia” 

—A. E. Scott, M.Sc. 

Sown Pastt res and Pasture Management Investigation. 

Species and Strain. 

(8) ‘‘The Role of Pasture Species in Regions of Winter Uainfall and Summer 

Drought ”—H. C. Trumhle, M.Agr.Sc., and J. G. Davies, B.Sc., Ph.D. 
Jour. Voun. Sci. Iml. lies., 4: 140, 1931. 

(9) “The Taxonomic and Agricultural Characters of the Daiitfwnin Group” 

—A. B. Cashmore, B.Sc., Research Student, C.S.I.R. 

(10) “Comparison of Lolitan perenne and PhakiHs fuherosa at varying Stages 
of Growth ”—A. B. Cashmore, B.Sc., Research Student, C.S.I.R. 

Ilf) “The Improvement of Phalaris Species by Seh'ctive Breeding”—IT. C^. 
Trumble, M.Agr.Sc. 

(12) “Preliminary Investigation of Indigenous Saltbushcs {A triplex) in an 

Area of Winter Rainfall and Summer Drought ”—-H. C. Trumble, 
M.Agr.Sc. 

(13) “The Nitrogen and Phosphoric Acid Content of Twenty Species of Pasture 

Plants at Fixed Growth Stages ”—R. E. Shapter, A.A.T.C. 

Pasture Manupcrnenl. 

(14) “Seasonal Productivity and Botanical Composition of Irrigated Sown 

Pastures under varying Sy.stems of Pasture Ai’anagement ”—A. E. V. 
Richardson, M.A., D.Sc. 

(15) “The Protein and Phosphoric Acid Content of Sown Pasture subjected to 

varying Systems of Pasture Management”—Tl. P. C. Gallns, B.Sc. 

B. FACTORS AFFECTING THE MINERAL COMPOSITION OF PASTURES. 

(16) “Factors affecting the Mineral Content of Pastures with Particular Refer¬ 

ence to the Environmental Conditions incidental to Southern Aus¬ 
tralia”—A. E. V. Richardson, M.A., D.Sc., U. C. Trumble, M.Agr.Sc., 
and R. E. Shapter, A.A.I.C. Published as Bulletin No. 49, C.S.I.R. 

(17) ‘"The Effect of Growth Stage and Intensities of Cutting on the Yield and 

Composition of a Perennial Grass— Phalaris tuherosa'* —^A. E. V. 
Richardson, M.A., D.Sc., H. C. Trumble, M’.Agr.Sc., and R. E. Shapter, 
A.A.I.C. 
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C. THE WATER REQUIREMENTS OF PASTURE PLANTS. 

(18) “The Transpiration Ratio of Farm Crops and Pasture Plants in the Adelaide 

T)i8trict”—A. E. V. Richardson, M.A., D.Sc., and H. C. Trumble, 
M.Agr.Sc. Jour, of Agric., S, Aust., 32; 224, 1928. 

(19) The Water Requirements of Pasture Plants in a region of Winter Rain¬ 

fall and Summer Drought and the Factors affecting the Transpiration 
EflScieney ”—A. E. V. Richardson, M.A., D.Sc., and H. C. Trumble, 
M.Agr.Sc. 

(20) “The Relation of Mineral Ions to Transpiration”—A. H. K. Petrie, M.Sc., 

Ph.D. 


D. GENERAL. 

(21) “The Rate of Growth of a South Australian Merino Fleece”—^K. M. 

Fraser, B.Agr.Sc. Jour, Conn. 8ci, Ind. 7?es., 4: 204, 1931. 

(22) “The Relation of Ix)n Intake to Respiration in the Plant”—A. H. K. 

Petrie, M.Sc., Ph.D. 

(23) “Manganese as an Essential Element in Plant Growth”—G. Samuel, 

M.Sc., and C. S. Piper, M.Sc. Annuls of Botany, 16: 493, 1929. 

(24) “The Availability of Manganese in the Soil”—C. S. Piper, M.Sc. Jour. 

Agric. 8ci., 21-. 762, 1931. 

8. Conclusion. 

From tlie foregoing account and the appended reports and illustra¬ 
tions, it will be seen that a number of promising lines of work on grass¬ 
land problems justifying further investigation have been opened up 

The usual difficulties incidental to research work in a comparatively 
new field were encountered in the early stages of the investigation, 
and a technique adapted to the various phases of research had to be 
worked out. 

Early progress was somew^hat delayed by want of laboratories and 
essential equipment. These difficulties have been surmounted, and 
progress in all branches of the investigation should be more rapid. 

The results of intensive study of grassland problems in Australia 
should be of general interest to workers in other portions of the Empire, 
and in particular to w’^orkers in regions in which rainfall is a limiting 
factor to pasture production. 

It is a pleasure to place on record the zeal with which the various 
members of the team of workers engaged on mineral deficiency problems 
have co-operated to promote the interests of the investigation. 
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Preliminary Investigations on the Cultivation of 
Indigenous Saltbushes {Atriplex spp.) in 
an Area of Winter Rainfall and Summer 
Drought. 

By H, C. Trumble, M.Agr.Sc. 

(Waite Agricultural Research Institute.) 

The brief article that follows is one of the reports (No. 12) that have 
been made in connexion with the co-operative investigations into the 
mineral deficiencies of pastures which are mentioned by Professor 
Richardson elsewhere (see page 150 ).—Ed. 

I. Introduction. 

The saltbushes have long been regarded as the principal forage 
plants of arid Australia. Over extensive areas of the interior, the 
rainfall is too low in quantity and too uncertain in distribution to 
support species that are not capable of withstanding severe drought. 
The flora of these areas consists of an open woodland of low trees with 
an undergrowth of shrubs, together with ephemeral grass and herbage 
following heavy rains (1). The ephemeral species provide a “flush’’ 
in good seasons, but are of little value during prolonged drought. On 
the other hand, the bushy undershrubs of Atriplex, Kochia, and 
Rhagodia persist vegetatively, and provide forage under intense climatic 
conditions. 

The Australian species commonly classed as saltbushes are 137 in 
number, and are arranged under 15 genera (2). All of these belong 
to the botanical order Chenopodiaceae. 

The most valuable species in the pastoral areas are the true salt¬ 
bushes {Atriplex spp.) of which there are 30 in Australia. The 
majority of these are perennials. Seven species have been cultivated 
under experimental conditions at the Waite Institute in connexion with 
investigations of the mineral content of pastures. 

In South Australia, the true saltbushes are not frequently found in 
the winter rainfall zone receiving more than 15 inches per annum. 
The possibility exists, however, of growing them as summer pastures 
in the widespread areas of liberal winter rainfall and intense summer 
drought. In these areas, the period of lowest production is from 
February to May, immediately prior to the first winter rains, and an 
improvement in the quality and quantity of the herbage available during 
this period would be of greater value than a similar improvement at 
any other time of the year. 

Lucerne has been fairly extensively cultivated in this type of environ¬ 
ment for the provision of forage during the drought period. A deeply 
penetrating root system enables this species to withstand extreme 
drought, but the leaves and stems are typically mesophytic in structure, 
and the water requirement is high in comparison with other cultivated 
plants (3), indicating low productivity where the soil moisture supply 
is limited. 

In contrast with lucerne, the saltbush species are characterized by 
modifications of the leaf structure (4), which are thought to be of 
value in the restriction of transpirational activity. These plants are 
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included in the group of tomentose microphylls (5J, to which also belong 
the sagebrushes (Artemisia spp.) of North America and North Africa^ 
and the karroo bush (Pentzia incana) of the South African Karroo. 
The majority of the species normally possess small leaves, the surfaces 
of which are covered with a dense tomentum of vesicular hairs, and 
in addition, the leaves of some species are capable of absorbing moisture 
directly from the atmosphere (6). The principal genera of the group 
—A triplex, Kochia, Rhagodia, Artemisia, and Pentzia —are important 
sources of permanent forage, and enable stability to be achieved in the 
production of livestock in arid regions. 

In discussing the conditions under which saltbush communities grow, 
Osborn and Wood (8) show that increasing dominance is correlated 
with increasing aridity. Whilst having attained a remarkable degree of 
xerophytism, however, they are not necessarily halophytic, despite the 
high concentration of salt normally found in their leaves. In fact^ 
the zonation of certain Atriplex species in South Australia coincides 
with decreasing salinity of the soil (7), and typical saltbush communi¬ 
ties may develop on soils of ordinary salt concentration. 

It has been shown (9) that the mature herbage available for stock 
during the late summer and early autumn in areas of winter rainfall 
is liable to marked deficiencies of protein and phosphoric acid, and that 
both Atriplex semibaccatum and A. vesicarium are characterized by a 
high content of these nutrients. It is probable, therefore, that saltbush 
paddocks for summer forage would prove valuable adjuncts to the 
winter pastures in summer drought areas. 

2. The Cultivation of Saltbushes. 

The cultivation of saltbushes, like that of the native grasses, is not 
carried out commercially in Australia. A number of species were 
introduced into the United States towards the end of the 19th century^ 
however, and of these Atriplex semibaccatum, known as Australian 
saltbush, has been cultivated with success in California, Arizona, and 
New Mexico (10). Where planted in other portions of the United 
States, it has proved a failure, and its present distribution is confined 
to areas receiving a mean annual rainfall of 9 to 20 inches, with a 
winter incidence. While the present use of this species has fallen short 
of early expectations, its introduction has proved beneficial to those 
areas where it has become naturalized. 

Some experimental work with saltbushes has been carried out by 
the Department of Agriculture in New South Wales, and Breakwell (11) 
states that the plants readily respond to cultivation. 

In trials carried out at the Waite Institute with some 300 species- 
of forage plants during the last five years, several species of Atriplex 
have demonstrated a capacity for vigorous development under conditions 
of limited rainfall during the summer-autumn period of shortage. Of 
seven indigenous species grown, Atriplex semibaccatum has received 
particular investigation because of its suitability for grazing conditions. 

3. Seed Germination and Early Establishment. 

The effects of varying temperature and moisture content of the soil 
on the germination of Atriplex semibaccatum have been investigated 
in the laboratory in order to throw light on the factors affecting estab¬ 
lishment in the field. 
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A multiple temperature incubator of fourteen compartments, with 
a temperature range of 0 to 40° C., was employed to determine t e 
percentage germination and germination rate at different temperatures. 
The mean temperature for each compartment is given in Table I. 1 etri 
dishes 9 cm. in diameter were each provided with 50 gms. of sterilized 
quartz sand, maintained subsequently at 50 per cent, of its water-holding 
capacity, in which 100 seeds of Atriplex semibaccatum were sown. Each 
tost was’ carried out in duplicate, and an incubation period of 21 days 
was allowed. 

The following table summarizes the results obtained, and these are 
graphically expressed in the graph on page 155. 


Table I. —Showing Percentage Germination of Atriplex seinihaccaturn 
at 7 and 21 Days, and Number of Days Taken to Keach 15 and 
50 per cent. Germination at Different Temperatures. 


Mean 

Temperature 

°C. 

5-0 

i 

H-0 ! 

10 5 

12-5 

U-5 

16 0 

17* 5 

20-0 

21-0 

23-5 

25-5 

29-0 

32*5 

37-5 

7 dayn 

" 1 

1 5 


PR] 

37 

RCENTi 
1 48 1 

LOE Gl 
1 53 

IRMINA 

1 1 

TION. 
30 1 

1 30 

1 12 1 

1 8 

1 

1 

1 1 

1 ^ 


21 days 

1 36 

I 56 

1 6M 1 

70 

73 

1 68 

1 1 

1 61 1 

1 65 

1 

! 1 

18 

1 16 


15 per cent. . 


T)AYh TO ] 
1 « 1 7 

REAC’H 

1 ^ 

15 AND 50 I 
15 15 

»ER CENT. (}ERMlN\TION. 

1 5 1 5 1 iS \ 8 





M) per cent. . 

1 

1 ^ 

i 

8 

8 


1 ^ 

1 

1 


1 

1 

1 



The optimum temperature for the germination of Atriplex semi- 
haccalum is in the vicinity of 16° 0., with an optimum range of 10 to 
22° C., and the species is thus adapted to winter germination, despite 
the summer incidence of its growth. This conclusion is supported by 
field trials in which winter sowing has resulted in satisfactory estab¬ 
lishment. 

The effect of moisture content was separately investigated, using 
the same technique. Petri dishes in duplicate were maintained at 
moisture saturations varying from 10 per cent, to 100 per cent, satura¬ 
tion of sand with water. The results are given in Table II. 


Table II.—Showing Percentage Germination of Atriplex semibaccaium 
at 7 and 21 Days, and the Number of Days Taken to Reach 15 and 
50 per cent. Germination, at Different Moisture Saturations. 


PercentaRe 
Saturation 
with Moisture 

10 

20 

30 

40 

1 

50 

60 

70 

80 

00 

100 



1 










Percent AGE Germination. 


7 days .. I 

1 1 

9 

1 38 

1 47 1 

58 1 

54 1 64 1 

1 54 1 

33 1 


21 days .. 1 

1 1 
Days 

;i3 

TO 

1 65 

REACH 

1 69 1 67 1 
15 AND 50 PER 

69 1 78 ( 73 1 
CENT. Germination. 

47 1 

9 

15 per cent. 

.. 

12 

5 

4 

4 

4 4 

4 

4 


60 per cent. 


• • 

9 

8 

6 

7 6 

7 

•• 

•• 


The results of this test indicate that Atriplex semibaccatum will 
germinate over a wide range of moisture content, but that optimum 
germination occurs under fairly wet conditions, i.e., at about 70 per cent. 
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saturation. It is of interest to note that even at full saturation, 9 per 
cent, germination occurred. This provides further evidence for the 
desirability of sowing in winter, before the surface soil becomes dry as 
a result of hot weather in early spring. 


THC trrtCT or TtnptRATunE on the germination 

or TRAILING SALTBUSH (ATRIPLEX SEMIBACCATUM) 



I. PERCENTAGE GERMINATION AT 7. AND 21 DAYS. 



GERMINATION 


4. Preliminary Observations under Field Conditions. 

Atriplex semihaccatum and A. hailmoides w^eie established in the 
field at the Waite Fnstitute for the first time in July, 1929. The seeds 
were germinated in seed boxes in winter and transplanted to small plots 
in the field during early spring. Vigorous developnnmt occurred with 
both species, following a thunderstorm on 28tli Tlecember. Towards 
the end of autumn in 1930, the herbage (see Plate 1, Fig. 1) was 
harvested, and the produce dried, weighed, and subjected to an analysis 
for proportion of leaf present. The following results were obtained:— 


Table III.—Production per Acre of Two Saltbush Species, Including 
Production of Leaf, under Field Conditions, Waite Institute, 
1929-1930 Summer. 


Species. 

Dry Matter 
per Acre 
(Tons). 


Dry Leaf 
Produced 
per Acre 
(Tons). 

Balnfall (Inches) 

Winter 

preceding 

Growth 

(Jiine-Oct.). 

During 
Growth 
(Nov .-May). 

Total. 

Atriplex semibacccdum 
A, halimoidea 

4-76 

2-90 

% 

61-5 

41-2 

2-46 

1-20 

^ 13-17 

7-37 

1 

20*54 





156 


The root system of a typical plant of A. semibaccatum was excavated 
and traced to a vertical depth of 5 feet through a heavy clay subsoil, 
and a deep root system has also been found in A. vesicarium ‘and 
A, halimoides. (See Plate 1, Fig. 2.) It appears that saltbush is thus 
capable of utilizing winter rains which penetrate the subsoil before 
growth has commenced. 

Mineral analyses of saltbush (9) indicate that the protein and 
mineral contents are high. It is evident, therefore, that yields such as 
those quoted above would remove large quantities of nutrients, particu¬ 
larly nitrogen, phosphoric acid, and sodium chloride. 

Subsequent observations in the field demonstrated that the fertility 
of the soil might readily be lowered by saltbush, and that invasion and 
competition by winter weeds and herbage during the rainy season, when 
saltbush is normally dormant, tended to occur. These problems are 
at present under investigation. 

5. Replicated Field Experiments. 

In September, 1931, an area of the experimental field was divided 
into 24 plots of l-30th acre each. The plots were set out to accommo¬ 
date six treatments replicated four times, and randomized within four 
blocks. The treatments were as follows:— 

1. Lucerne (control). 

2. Trailing saltbush (Atriplex semihaccatum), 

3. Bladder saltbush (A. vesicarium), 

4. Dwarf saltbush (^4. halimoides), 

5. Old man saltbush (A, nummulari um), 

6. Angas saltbush (A, Muelleri), 

Uniform cultivation treatment and a dressing of 2 cwt. superphos- 
X)hate per acre were ajiplied over the entire area. 

Each species was sown with tested seed on 24th September, 1931, 
at the rate of 20 lb, i)er acre. Owing to exceptionally w^et weather 
during the winter period, it was not possible to sow in July or August 
—the months during which most favorable conditions for germination 
and establishment occur. During September, 4.51 inches were received, 
but from 1st October to the following March, the total rainfall was only 
3.74 inches. 

On 18th January, plant counts were made on each plot. Laboratory 
determinations of seed viability and number of seeds per pound, used 
in conjunction with the plant counts, enabled the percentage establish¬ 
ment from seed for each species to be calculated, and these data are 
given in the following table:— 

Table IV. — Showing Laboratory Germination, Viable Seeds Sown per 
Plot, and Percentage Establishment from Seed for Lucerne and 
Five Saltbush Species Sown under Field Conditions, Waite Insti¬ 
tute, September, 1931. 


Speek*‘«. 


Lui’Prne 

A. nemibaeca^um 
A, vesicarium 
A. halimoides 
A. nnmmularium 
A, Muelleri 


Lb. 
seed 
per 
aore. 


20 

20 

20 

20 

20 

20 


Seeds 
per lb. 


199,800 

168,^00 

87,700 

135,400 

89,000 

648,000 


Lab. 

germ¬ 

ination. 


78 

68 

42 

25 
21 

26 


Viable 
seeds 
per lb. 


158,800 

114.600 
86,800 

33.800 

18.800 

168.600 


Viable 
seeds 
per acre. 


3, IT 7,000 
2,293,000 
737,000 
677,000 
376,000 
8,870,000 


Viable 
seeds 
per plot. 


103,900 

76,400 

24.600 

22.600 
12,600 

112,300 


Plants 

present 

Jan. 

18th. 


46,500 

3,704 

88 

2,164 

213 

8,80d 


Percentage 
established 
from seed. 


% 

44-75 

4-84 

0-36 

9-58 

1-70 

7-84 
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Each of the saltbush species established poorly in comparison with 
lucerne. This was probably due to the late sowing, as soil temperatures 
were considerably higher than the optimum range (10 to 22° C.), 
whereas the surface soil tended to remain at a relatively low moisture 
content. Fortunately, sufficient seed had been sown to provide a satis¬ 
factory cover of each species, and on 23rd January, two sample cuts of 
i square metre were made at random from each of the plots growing 
lucerne, A. semibaccatum, A, hcdimoides, and A, Muelleri. The two 
remaining species are of shrubby habit, and the individual plants were 
not sufficiently advanced to permit cutting or grazi^. These were 
allowed to become fully established as shrubs before being grazed. 

The plots which were sampled were then grazed individually with 
sheep until each had been cropped to the level of the sampling. The 
plots were separated by temporary fencing, and sufficient sheep were 
employed to graze each thoroughly within a period of two days, the 
numbers of sheep per plot being adjusted at the end of the first day. 

After the completion of grazing, further production of forage 
occurred on each plot, and on 16th March the plots were again sampled 
and grazed similarly. The third and final sampling was carried out 
with all six species, including Atriplex vesicarium and A, nummularium, 
on 5th May. 

The results, expressed in cwts., of air-dry forage produced per acre 
by each species are given in Table V. 


Table V. —Showing Air-dry Forage Produced by Lucerne and Saltbush 
Species on 23rd January, 16th March, and 5th May, 1932. 


Species. 

Cwts. per Acre. 

Eirst Grazing 
(23rd January). 

Second Grazing 
(16th March). 

Third Grazing 
(5th May). 

Lucerne 

1-80 

1-76 

9-73 

Atriplex atmibdccatum 

12-27 

22-26 

12-84 

A» halimoides 

906 

9-36 

3-70 

A. Muelleri .. 

14-67 

12-94 

8-18 

A, vesicarium 



6-71 

A. nummularium 


• • 

9*11 


The above results indicate that three species of saltbush are capable 
of producing higher yields of forage than lucerne during the first 
suniiner. It is premature, however, to assess their relative values on 
the results of the first growing season, and further investigation is 
necessary before the suitability of these plants for permanent or 
temporary pasture can be properly judged. 

A, Muelleri was the most vigorous species from seed, but the yields 
in this case tended to decrease as the season progressed. A, halimoides 
showed a similar tendency, with yields at a lower level. Both species 
seeded profusely during February and March. A, semibaccatum was 
outstanding in production and in recovery after grazing, and this species 
also formed seed abundantly. 

Differences in palatability were very obvious. Lucerne was the most 
palatable species throughout, with A. Muelleri the least palatable. Of 
the remaining saltbushes. A, semibaccatum and A. nummularium were 
eaten most readily. All species were thoroughly grazed during January 
and March, but a comparatively large number of sheep was necessary 
in the case of A. Muelleri. 
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Of the saltbush species investigated, A, semibaccatum appears to be 
the most promising for grazing conditions in the Adelaide environment. 

6. The Water Requirement of Saltbush. 

In comparison with other species investigated, the saltbushes are 
characterized by a low water'requirement. Atriplex semibaccatum has 
been found to require considerably less water per unit of dry herbage 
than lucerne. In addition, the individual yearly values for A. semi- 
baccatum show much less variation than those for lucerne as indicated 
by the standard errors given in Table VI. 

The water requirement of lucerne has been determined at the Waite 
Institute during five seasons, and that of JL. semibaccatum during four 
seasons. Unfortunately, both species were grown under similar condi¬ 
tions in three seasons only. The available data are sufficient, however, 
to demonstrate the higher water requirement of lucerne, as shown in 
the following table. 


Table VI.—Showing Water Requirement of Atriplex semibaccatum as 
Compared with Lucerne, Waite Institute, 1925-31. 



A. aemibaccatum. 

Lucerne, 

A, semibaccatum. 

Lucerne, 


1926, 28, 30, 31. 

1925-8, 31. 

1926, 28, 31. 

1926, 28, 31. 

Transpiration Ratio 

365 

753 

357 

759 

Standard Error 



-1-15 

_L119 


The results of the 1931 (leterniiiiation, wliicli was cnriicv] out <liii*ing 
u particularly dry period, are given in Table VI1. Both speci(‘s were 
sown under identical conditions on 6th T^ovember, 1931, and liarv(*sted 
at the flowering stage in January, 1932. 

Table VII.—Showing Green and Dry Herbage Produced, Water 
Transpired, Transpiration Ratio and Root Production of Lucerne 
and Atriplex semibaccatum in Pot Cultures, 1931-32 Season, Waite 
Institute. 


Species. 

Orecn 

weight 

I)er pot 
(gniH.). 

Dry weight 
l»er pot 
(gms.). 

Percentage 

moisture. 

Transpira¬ 
tion (kg.). 

Transpira¬ 

tion 

Itatio. 

Dry weight 
of roots IHT 
pot (gms ). 

Lucerne .. 

55*21 

14*89 

73*0 

14*39 

966 

509 

Saltbush .. 

144*90 

34*67 

76*1 

12*45 

359 

4-88 


The production of forage was considerably greater in the case of 
the saltbush, although actually less water was transpir(*d. The slight 
difference in the weights of the root systems was not significant. 

It is thus evident that Atriplex semihaccatu7a is more efficient than 
lucerne in the utilization of soil moisture, and it may be expected 
therefore to produce higher yields of forage on limited quantities of 
rainfall during the summer months. 

7. The Effect of Different Nutrients on the Dry Matter Production 
and Transpiration Ratio of Atriplex semibaccatum. 

In view of its yielding capacity and high content of nitrogen, phos¬ 
phorus, sodium, and chlorine, it is to be expected that the demands 
of saltbush on the supply of nutrients in the soil are considerable. The 
determination of the reaction of saltbush to fertilisers is therefore of 
importance. 






169 


During 1931, a series of 48 pots was filled with a uniform mixture 
of Waite Institute soil two parts, and sand one part, and sown with 
Atriplex semihaccatum on 2nd June. The series was divided into 
eight groups of six pots each, and given fertiliser treatments as fol¬ 
lows ;— 

1. Nil. 

2. Superphosphate. 

3. Sodium nitrate. 

4. Sodium chloride. 

5. Super -f- sodium nitrate. 

6. Super + sodium chloride. 

7. Super + sodium nitrate -f- sodium chloride. 

8. Super -f- sodium nitrate + ^ sodium chloride. 

Six grams of each nutrient, equivalent to 1,000 lb. per acre and 
to .03 per cent, of the soil, were applied per pot, except in treatment 8, 
where 24 grams sodium chloride were applied. The nutrients were 
thoroughly mixed with the surface soil prior to sowing, and the usual 
technique employed at the Waite Institute (9) was followed throughout 
the investigation. 

The pots were harvested between 19th November and 4th December, 
each complete block of eight different treatments being harvested during 
a single day. Six separate harvesting dates were employed to enable 
osmotic pressure determinations on the material to be carried out 
immediately after harvest (12). 

The green weight, dry weight, and transpiration ratio for each pot 
were detciTnined, and the significance of the differences due to treatments 
assessed by the analysis of variance (13). The variance due to blocks 
is ascribable partly to the position of the individual blocks within the 
pot-culture house, and partly to differences in the date of harvest of 
each block. 

The results obtained are summarized in Table VIll. 


Table Vlll.—Showing the Effect of Different Fertiliser Treatments 
on the Production of Dry Matter, and the Transpiration Katio of 
Atriplex semihaccatum Grown in Pot Cultures, Waite Institute, 
1931. 


Treatments. 

1 

Nil. 

2 

Sni)er. 

! 

NaNO, 

4 

NaC'l. 

5 

Super. 

and 

NaNO, 

6 

Su|)cr. 

and 

NaCI. 

7 

Super. 

NaNO, 

and 

NaCl. 

8 

Super. 

NaNo, 

and 

4NnCI. 

Mean. 

Standard 

Error. 



1 

1 


1 








Dry matter i)er 
pot (jtnis.) .. 
Dry matter (i)er 
cent.) 


(a) Dry Matter Production. 


54-36 

51-86 

05-20 

46-38 

01-24 

46-34 

00-58 

75-35 

70-05 

77-60 

74-03 

136-03 

66-21 

130-24 

66-15 

142-15 

107-56 

mo 1 


( b ) Transpiration Ratio. 


Transpiration 

Ratio 

Transpiration 

360 

355 

302 

360 

314 

351 

287 

303 

29-1 

7-80 

Ratio (per 
cent.) 

100-4 

107-9 

91-8 

109-4 

95-4 

106-7 

87-2 

92-1 

100 

2-37 
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Superphosphate produced no significant diiference in either the 
production of dry matter or the transpiration ratio. 

Nitrate of soda significantly and markedly increased the production 
of dry matter. The incx^ease, which was approximately 75 per cent., is 
of particular interest, in that a fallowed soil, presumably rich in 
nitrogen was used. Moreover, the transpiration ratio was significantly 
decreased by nitrate of soda, to the extent of 16 per cent. 

The application of sodium chloride alone resulted in a significant 
decrease in the production of dry matter, but the transpiration ratio 
was not significantly altered. A combination of superphosphate and 
sodium chloride again produced a significant decrease in dry matter 
production compared with the control, and did not significantly alter 
the transpiration ratio. 

Where sodium chloride was applied at the rate of .03 per cent, of 
the soil by weight, in conjunction wdth a basal dressing of superphos¬ 
phate and nitrate of soda, the yield was increased above that produced 
by the basal dressing, and the transpiration ratio was lower in this case 
than with any other treatment. 

The increase in dry matter production and the decrease in the 
transpiration ratio as a result of adding sodium chloride to the dressing 
of superphosphate and nitrate of soda were both significant. 

Where sodium chloride was applied at the rate of .12 per cent, of 
the soil, however, a dressing equivalent to 1.8 tons per acre, the dry 
matter production was decreased by 17.4 per cent., and the transpiration 
ratio was not significantly altered. The plants were similar in general 
appearance to the plants receiving a smaller dressing of salt. 

It is thus evident that the outstanding factor limiting the production 
of the saltbush under the conditions of this experiment was nitrogen, 
and that the application of nitrogen as nitrate of soda materially 
increased the yield and lowered the water requirement. The high 
requirement of saltbush for nitrogen is further indicated by the results 
of analyses made on the plant, and by observations in the field. 


8. Discussion. 

The investigations, so far as they have progressed, have demonstrated 
that at least five saltbush species may readily be established from seed 
under field conditions, provided that seeding is effected with due regard 
t(» the temperature and moisture conditions of the surface soil. 

These saltbush pastures, when established, are of considerable value 
to livestock in areas subject to summer drought, for the following 
reasons:— 

1. The capacity for production during the period of shortage 

in late summer and early autum,n is high. 

2. The water requirement is low, indicating a high efficiency of 

production in terms of rainfall. 

3. The root system is deeply penetrating in nature, and thus 

capable of utilizing moisture which has reached the subsoil 

during winter. 
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4. The protein and phosphoric acid contents are appreciable, and 

high proportions of sodium and chlorine are also present. 
Actively growing saltbush, therefore, would probably 
obviate the necessity for the use of salt and phosphorus 
licks and of protein concentrates during drought. 

5. Under field conditions, three saltbush species produced con¬ 

siderably higher yields than lucerne, the standard summer 
forage, during the first season. 

There are a number of aspects, however, which require further 
investigation. 

Firstly, there is the problem of competition from winter grasses and 
weeds manifestly suited to the climate. These tend to take possession 
during winter, when saltbushes are practically dormant, and exert a 
strong competitive influence on saltbush at the commencement of its 
growth in spring. This problem calls for investigation to determine 
the possibilities of exercising control over winter competition. 

Secondly, there is evidence that some of the saltbushes are short 
lived, and this probably applies to Atriplex Muelleri, A. halimoides, and 
A. semihaccatum, all vigorous during the first summer, but many plants 
of which die during the second winter. Considerable variation exists 
within each species, and selection for longevity may be necessary or 
desirable. 

Thirdly, there is the question of fertility maintenance, which may 
have an important bearing on longevity, and which certainly influences 
productivity. In this connexion, it has been shown that nitrogen is 
needed in considerable quantities, but that on the other hand sodium 
chloride appears to be tolerated rather than required. In respect to 
the provision of nitrogen, fertiliser experiments under field conditions, 
and the reaction of saltbush to the inclusion of leguminous plants, present 
problems for future investigation. 


9. Literature Cited. 

1. T. Cr. B. Osborn—this Journal: 1: .36.5, 1928. 

2. J. W. Audas.— Jour. Dept. AgHc., Viet.: 16: 499, 1917, 

3. Bichardson, A. E. V., and Trumble, H. C.—The Water llequirements of 

Pasture Plants,’’ Report to Empire Marketing Board, 1932. 

4. Wood, J. G.— Tram. Roy. 8oc., 8. Aust.: 47: 269, 1923. 
r>. Ibid.: 48: 226, 1924. 

0. Wood, J. G.— Aust. Jour. Exp. Biol. cG Med. 8ci.: 2; 45, 1925. 

7. Osborn, T. G. B., and Wood, J. G.— Trans. Roy. 8oc., 8. Aust.: 47: 244, 1923. 

8. Ibid.: 47: 388, 1923. 

9. Richardson, A. E. V., Trumble, II. C., and Shapter, R. E.— Coun. 8ci. Jnd. 

Res. Aust.: Bull. 49 (1931). 

10. McKee, R.-—U.S. Dept. Agr., Bull. 617 (1919). 

11. Breakwell, E.—Grasses and Fodder Plants of New South Wales, Government 

Printer, Sydney (1923). 

12. Vide Petrie, A. H. K., p. 178. 

13. Fisher, R. A.—Statistical Method's for Research Workers. Oliver & Boyd. 



102 


The Blowfly Problem—Notes on the Effect 
of Carcass Burial. 

By Mary £. Fullert B,Sc., 

(Junior Entomologist^ Division of Economic Entomology.) 

In the foreword to an earlier article by M. K. Freney in this 
Journal (Vol. 5, p. 28), the desirability of distinguishing between 
primary and secondary flies, and of discriminating in control measures 
against the primary flies has been pointed out. 

The investigation of carcass treatment forms a part of the blowfly 
research of the Division of Economic Entomology. The results 
obtained indicate that simple burial of a carcass is not only useless 
from the point of view of controlling blowflies, but actually favours 
the primary species. The following experiments demonstrate this 
point. 

Experiment 1. 

In October, a sheep was killed and cut in halves transversely. The 
skin and wool were left on, but the viscera were removed. After two 
days^ exposure to flies in the open, one-half was placed in an oil-drum 
and covered with 2 feet of soil. The other half was left exposed for 
three more days, lying on the surface of the soil in another oil-drum. 
The two drums were then brought into the insectary and placed in 
separate cubicles. 

After a fortnight, Acliaetandrus ruiifados’'' and Microcalliphora 
varipes (both secondary flies) were emerging from the unburied half, 
and were followed nine days later by CallipJiora siygia, ( 7 . augur, ami 
Lucilia soricata (all primary). Twelve days after they had been 
emerging from the unburied half, flies appeared from the buried half. 
These earlier flies were O. augur and the two species of Lucilia. Later, 
when only a few Poronia were coming from the uiiburied portion, 
I/ucilia, C. siygia, and (\ augur were still emerging from tlie buried 
portion. The period of emergence from the former was 12 days, 
whilst, from the latter, flies continued to emerge for at least 30 days. 


The following table shows the total numbers produced:— 




Primary Flies. 


Percentage 

Secondary and Tertiary Flies. 


C. 

Htygia. 

C. 

augur. 

L. 

sericata. 

L. 

cupnna. 

of Primary 
Flle.s. 

A. 

rufifaciea. 

M. 

vunpea. 

P. 

rmtrntn. 

Buried.. j 

5,667 

1,323 

234 

16 

% 

100 

Nil 

Nil 

Nil 

Unburied 

816 

1,698 

35 

Nil 

70 

222 

189 

604 


^^^o beetles were produced from the buried half, but after two 
months 68 Creophilus and 30 Saprinus emerged from the unburied 
half. These beetles live on blowfly maggots. N’umerous larval 
Dermestes were also present on the unburied half. The total emergence 
of blowflies from the unburied portion was 3,564, whilst the total 
from the buried portion was 7,240, more than twice the number. 

• This species Is cf>mtoonly known as Chryiomyia ryfifacien Macq. 
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Experiment 2. 

In March, the experiment was repeated, but, because of the cooler 
weather, the halves were exposed respectively for three and six days. 
In the October experiment, the hind part of the sheep was buried; in 
this experiment, the fore part was buried. The whole procedure was 
the same as before, except that radiators were used to hasten emer¬ 
gence, which otherwise would have been delayed by the cold weather. 
After a fortnight, yl. ruffacies and M. raripes began to emerge from 
tlie unburied half, and ten days later (\ a,u(jur appeared from the 
buried half. The emergence continued for about five weeks. The 
following table shows the total numbers:— 




rrluiary Vlicis. 


Percentage 

Secondary and I’ertiary Flies. 


C. 

ntygia. 

C. 1 

augur. 

L. 

sericala. 

L. 

cuprina. 

of Primary 
Flies. 

A. 

rufifneiei. 

M. 

varipes. 

P, 

rostrata. 

Buried.. 

7,667 

6,404 

158 

66 

I % 

1 100 

1 

Nil 

Nil 

Nil 

buried 

71 

12 

4 

Nil 

0-07 

167 

2,924 

5,570 


The total number of flies from the unburied half was only 8,448, 
whilst from the buried half the emergence was 14,295. This experi¬ 
ment demonstrates (‘ven more strikingly than the first how burial within 
th(‘ first few days discriminates in favour of the primary flies. The 
puparia around tlie nnhuried half were heavily attacked by Mur- 
moniclla. Many (\ ^iipjid puparia were found to be infected with this 
parasite, whicli cannot work under the soil. 

Experiment 3. 

A further experiment was carried out, in which the carcasses were 
both exposed to blowflies for the saim* period. In February, two cats 
were ex])Osed for two days, after which they were brought into the 
insectary and one wa.«4 buried. After eleven days, A. ruf,facies began 
to emerge from the unburied cat, and seven days later (>. augur was 
emerging from both. The total results are shown in the following 



Primary Flies. 

Percentage of 
Primary Flies. 

Secondary Flies. 

C. augur. 

L. rtericaUt. 

A . rufifaeies. 




0 / 

/o 


Buried 

5,270 

106 

99 

29 

Unburied .. 

5 , 44:3 

108 

85 

1,072 


The number of flies that emerged was greater from the uuburied 
than from the buried cat. The correspondence in primaries between 
the two was very close, and the difference in totals was almost entirely 
due to the emergence of the st*condaries from the unburied cat. 
BrachymeTia calliphorae emerged from both carcasses. This parasite 
attacks the maggots and, unlike MormonicUa, works (juitc readily under 
the soil. 

Experiment 4. 

In February, an experiment was carried out to demonstrate whether 
poisoning combined with burial would prevent maggots from develop¬ 
ing. Two cats were exposed for two days. One was then slashed, and 
a solution of sodium arsenite containing 0.5 per cent, of white arsenic 
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poured over it. Each cat was then buried in an oil-drum. Flies soon 
began to emerge from the soil above the unpoisoned cat. Nothing 
appeared from the other drum, so after three weeks the carcass was 
dug up. It was partially mummified, and there were no maggots or 
puparia in it or in the soil, which was carefully examined. The con¬ 
trol produced 6,219 6’. augur, 9 L. sericata, and 71 .1. rufifacirs. 

Discussion. 

The experiments outlined in this paper were set up purely us a 
demonstration of one practical point which had emerged from the 
ecological studies of the past three years. The results of Experiments 
1 and 2 were almost precisely what one would have expected, if burial 
were regarded simply as protecting those larvae present in the carcass 
at the time of burial from competition with those which would have 
come later. Experiment 3 showed that, in addition to protecting the 
primary larvae, burial had a deleterious effect on ^chaetandrus 
rufifacies. The total effect is to give the primary flies a much greater 
chance of survival than they would have in an unburied carcass. 

In these experiments, the carcasses were covered to a depth of not 
less than 2 feet with a rather light soil containing stones and clods, 
well filled in, but not pressed or compacted. This clearly offered no# 
appreciable impediment to the w'andering stage maggots of the pri¬ 
mary flies. In field studies, the wandering prepupae of C. stygia have 
been observed to travel through at least 10 feet of undisturbed, compact 
soil in the bank of a creek. In the laboratory, great difficulty is 
experienced in keeping wandering smooth maggots in containers and 
even in insectary cubicles. These and other observations indicate that 
no ordinary compaction of the soil over a buried carcass would 
materially impede the movements of the wandering smooth maggots, 
though it might militate against the emergence of adults. In this 
connexion, it must be remembered that the smooth maggots of the 
primary flies normally wander well away from the carcass and pupate 
just under the surface of the ground, whereas the secondary hairy 
maggots generally pupate on or close to the carcass, a fact which may 
partly explain the discriminating effect of burial observed in 
Experiment 3. 

Burial of carcasses on a station, where burning is impracticable, 
may be necessary for sanitary reasons, and it may be suggested that 
the situation could be met by burial soon after the death of the animal. 
In warm weather, and particularly in tropical parts of the country, 
eggs are laid in large numbers on a carcass within an hour or two of 
death. It is rarely that a carcass is found on a large station before 
it is at least well supplied with eggs. It has, however, been shown in 
Experiment 4 that satisfactory results can be obtained by poisoning 
the carcass before burial. The method used, that recommended 
originally by W. W, Froggatt, is simple and cheap, and is quite efficient 
for this particular purpose. 

Conclusions. 

1. Burial of carcasses favours the primary flies and adversely affects 

the secondary flies. 

2. Ordinary compaction of the soil over a buried carcass will not 

materially impede the wandering of the full-grown smooth 

maggots of the primary flies. 

3. Poisoning with arsenic before burial is efficient in destroying any 

maggots present in the carcass. 
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Investigations on Flag Smut of Wheat. 

By Phyllis H. Jarrett, M.Sc. 

{Plant Pathologisty Division of Plant Industry.) 

Summary. 

A short account of the occurrence, distribution, and symptoms of the disease 
is given, together with the life history of the fungus Urocystis tritici Koern 
which causes the disease. 

The methods of inoculation which were found to give best results for glass¬ 
house and for field experiments are described. 

Manifestation of symptoms and their relation to the degree of infection 
in different varieties is discussed. 

An account of an experiment designed to give a quantitative estimate of ihe 
effect of flag smut upon the yield of 40 different varieties is given. 

Some interesting aspects of resistance to this disease and the possible corre¬ 
lation of a characteristic of structure or growth of the host with its resistance 
are outlined. 


1. Introduction. 

The first official record of the disease flag smut of wheat is to be 
found in the report of the South Australian Commission on Diseases 
of Cereals in 1868. There, under the name black rust,’’ it is reported 
as a disease with which farmers were familiar, and against which they 
must protect their crops by certain cultural practices. 

This disease now occurs throughout the wheat-growing areas of 
Australia, and is also to ho found in Illinois, Missouri, and Kansas of 
the United States of America, in South Africa, parts of Japan, in the 
Punjab region of India, and around Pekin in CTiina. It has also been 
recorded from Spain, Italy, and Cyprus, and in one case from Trans¬ 
caucasia in South Russia. 

Unlike rust, flag smut has never assumed epidemic proportions, but 
it takes its steady annual toll of the wheat crop. The loss due to its 
operation is directly proportional to the acreage of land under culti¬ 
vation with varieties of wheat which are susceptible to this disease. 
Noble* estimated that the loss due to flag smut in New South Wales 
amounted to 2,000,000 bushels, or over 4 per cent, of the total yield. 

2. The Disease. 

This disease is strictly limited to one host, the wheat plant, and 
repeated attempts to extend its host range to other cereals and to grasses 
have failed. Its symptoms are constant in type, but variable in their 
occurrence and distribution on the plant. The first macroscopic in¬ 
dication of infection is the development of straight, slightly raised, 
greyish stripes on the leaf or flag and occasionally on the stem. These 
stripes or sori become dark brown or black as the spores or more 
accurately spore balls contained within them mature. They run 
parallel to the veins of the leaf, and may vary from isolated sections 
of about 1 cm. long to continuous lines along the length of the lamina 
(see Plate 2, Fig. 1). An infected plant of a susceptiblevariety 
will either be killed or it may struggle on, its growth rate retarded^ its 
leaves malformed and its tillers terminating in poorly developed, usually 


• Agrie. Qaz., N,S.W., 38 : 886,1927. 
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sterile, smutted heads. Keference may be made to Plate 2 to illus¬ 
trate the difference between a healthy plant (Fig. 3) and a flag-smutted 
plant (Fig. 2) of the same age of the susceptible ” variety Gluyas. 

As the sori mature, they rupture, liberating masses of black spores 
which, when scattered through the crop, soil, and agricultural imple¬ 
ments, form a source of infection for succeeding years. The warm 
dry period of summer and early autumn in the wheat-growing areas 
of Australia afford optimum natural conditions for the maturing pro¬ 
cess of the flag smut spores. According to Verwoerd,*** these spores 
may retain their power of infection in the soil for four years, and when 
suitable conditions of humidity and temperature occur they will 
germinate and are capable of re-infecting their host. 

Control Measures ,—Certain careful cultural practices have been 
recommended for the control of flag smut, but these are of little use 
if susceptible varieties are grown repeatedly on one piece of land. 
Fungicides, such as are usually used against bunt and other smut 
diseases, do disinfect the seed, but they have no action against the 
smut which is already lying in the soil, and this latter is by far the 
greatest source of infection. Furtlier, for obvious practical reasons, 
it is impossible to devise a system of crop rotations to cover the period 
of viability of the spores in the soil. Thus the only efficient method 
of control of this disease lies in the cultivation of suitable varieties of 
wheat which are immune or highly resistant to flag smut. For this 
reason, the variety Nabawa, which has both high yielding ability and 
resistance to flag smut, has become increasingly successful during the 
past few years. 


3. Life History of the Causal Organism. 

The fungus Vrocystis iritici (Koern), which is the organism causing 
this disease, has so far not been successfully growm on artificial media, 
and consequently the liost plant must form the medium for its investi¬ 
gation. However, its spores can be germinated and grown on artificial 
media through the earlier stages (promycelial and sporidial) up to 
the stage of entrance of the germ tube into the coleoptile or young 
wheat shoot. Each spore or spore ball is not a simple unicellular 
body, but consists of one to five fertile spore cells surrounded by, and 
enclosed in, a layer of sterile cells. Each one of the inner fertile 
cells may germinate and infect the host plant independently. 

Entrance of the fungus into the host only occurs through the young 
entire coleoptile, i.e., before this white sheath has been broken by the 
first true leaf. Extensive microscopic observations of the process of 
penetration indicate that the germ tube enters the coleoptiles of 
resistant ’’ and susceptible ” varieties alike. In resistant 
varieties, the pathogen is usually not killed, but the subsequent sys¬ 
temic development of its mycelium is inhibited, and its hyphae fail to 
keep pace with the growth of the host. Its presence, however, is fre¬ 
quently manifest in small smutted shoots which arise from the lower 
nodes of the main tiller. In the case of susceptible varieties, tho< 
growth rate of the fungal hyphae corresponds to that of the meriste- 
matic tissues of its host. There is, however, no definite external 
symptom of infection until the fourth or fifth leaf stage in plants grown 


♦ Union of South Africa. Dofartment of Agriculture, Science Biiiletin No. 76, p. 174, 1929. 
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under artificial conditions, when the characteristic parallel black lines 
or sori appear along the length of the leaves. This appearance is 
usually much later in plants grown in the field, 

4. Manifestation of Symptoms. 

The appearance of the characteristic black lines or sori on the leaves 
or stem of a wheat plant is the symptom used for diagnosis of this 
disease. Not only do different varieties react differently to flag smut 
under similar conditions, but within one variety individual plants will 
show the disease with different degrees of infection, e.g., in varieties 
such as Aussie, Canberra, or Federation, an infected i^lant may be 
killed at the fourth to sixth leaf stage, or it may survive to produce 
one or two heads which yield little or no grain. l^ants of other 
varieties, e.g., Bunyip, Geeralying, or Nabawa, may show infection in 
one or two tillers only, or be quite healthy, while microscopic examina¬ 
tion will reveal the fungal hyphae in the base of the plant. Kecord of 
this type of infection is lost in the usual infection counts, and the actual 
effect of the disease can only be estimated by an analysis of yield. 

In all observations, it is necessary to distinguish between whole 
or complete infection of a plant and “ partial ’’ infection where all 
tillers do not show symptoms of the disease (see Table 1). In more 
accurate studies, the individual tillers are identified and classified, and 
the numbers of infected and healthy tillers of each group are counted. 
This method gives an expression of the degree of infection. 

5. Effect on Yield. 

It has been indicated that an analysis of the yield of diseased and 
healthy plants is the only method by which we can estimate quantita¬ 
tively tho effect of this disease. In order to do this, a randomized 
paired experiment of treated and untreated rows was sown in 1931 and 
repeated and extended this year. Forty well-known varieties, namely, 
Aussie, Bena, Bobin, Bomcn, Bunyip, Cadia, Caliph, Canberra, Cedar, 
Cleveland, Comeback, Currawa, Dundee, Duri, Early Bird, Exquisite, 
Federation, Firbank, Florence, Ford, Free Gallipoli, Galgalos, Geera- 
lying, Genoa, Gluyas, Gresley, Hard Federation, Major, Marshall’s 
No. 3, Minister, Nabawa, Kanee, Bed Rock, Sultan, Sunset, Turvey, 
Union, Wandilla, Waratah, and Yandilla King, were chosen, and 1,000 
seeds of each (500 treated with flag smut inoculum and 500 untreated) 
were sown. Throughout the growing season observations were made 
of the number of plants present at various stages, of the time and 
manner of appearance of the disease, and of heading and flowering 
dates; and at maturity samples were taken from which can be cal¬ 
culated the yield of healthy, apparently healthy, and diseased plants. 
This experiment should give not only an estimation of the loss due to 
flag smut in any one variety, but also an indication of the way in 
which the disease operates and of the yielding ability of these varieties 
under the conditions of the experiment. 

This year, seed from (1) healthy plants which have not been in¬ 
oculated with flag smut, from (2) apparently healthy plants which have 
been inoculated with the disease, but which did not show symptoms of 
infection, and from (3) diseased plants of ten varieties from the above 
experiment is being tested for its reaction to flag smut in the field. 
This test is being made in order to determine whether previous infec¬ 
tion of the parent influences the reaction of the offspring to this 
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disease, for, should this be the case, the farmer who obtains his seed 
from a diseased area acquires yet another possibility of infection in 
his crop. 

It is popularly believed that early sown crops are more heavily in¬ 
fected with flag smut than late sown crops of the same variety. 
Actually, the amount of field infection is determined by the suscepti¬ 
bility of the variety under cultivation, the amount of fiag smut 
already in the soil, and the weather conditions over a period from 
just before sowing until the crop is a few inches high. This year an 
experiment is being conducted in the field with fortnightly sowings over 
a period of three months and including eight varieties of diflFerent 
reaction to the disease, namely, Bunyip, Canberra, Cleveland, Early 
Bird, Galgalos, Geeralying, Nabawa, and Yandilla King. Accurate 
records of air temperature, humidity, and rainfall are available, and 
these will be correlated with infection figures for the different planting 
dates. Thus we may be able to define the climatic conditions favour¬ 
ing infection in the field for a range of “ resistant and susceptible 
early and late maturing varieties. 

6. Resistance to the Disease. 

It is clear that varieties of wheat differ markedly in their reaction 
to flag smut. The State Departments of Agriculture, therefore, classify 
varieties as immune,’^ highly resistant,’’ resistant,” susceptible,” 
or highly susceptible,” according to the infection shown in their field 
trials. So far, wo have not been able to find a variety which is 
immune to flag smut under all conditions, but there is a promising 
group of varieties, e.g., Bomen, Bunyip, Cedar, Galgalos, Geeralying, 
Kabawa, and probably also Dan, Ilugenot, Shepherd, Sindi, and Tuela, 
which can be classified as resistant.” These do not manifest the 
disease to such a marked degree as do, for example, Canberra, Federa¬ 
tion, Aussie, Caliph, Gluyas, Waratah, varieties which can be classified 
as susceptible.” In making this distinction, not only has the per¬ 
centage of infection under field and glasshouse conditions been con¬ 
sidered, but also the type and degree of infection. 

Before any 2 )rogress could be made in the investigation of the 
reaction of different wheat varieties and crosses to flag smut, it was 
necessary to obtain a satisfactory method of inoculation. This was 
obtained from an extensive preliminary study of the temperature and 
humidity requirements of the germinating smut spores in relation to 
those for germination and subsequent development of the host. All 
possible temperature and humidity combinations were tested against 
a pre-soaked and a dry inoculum and pre-soaked and dry grain, in 
order to find the set of conditions best suited to give high infection. 
Finally, for glasshouse tests where the environment can be controlled, 
the best results were obtained from the following method. Grain 
before being planted in a moist seed-bed is soaked for 8 to 12 hours, 
according to the variety, in a shallow dish of water upon the surface 
of which smut spore balls have been soaked for about three days at 
18° to 23° C. The surface of each grain is covered with a film of 
smut spores which are on the point of germination when the young 
wheat plumule and radicle are about to break through the seed coat, 
No variety or cross so far tested by this method has proved to be 
wholly and consistently immune to infection. For field experiment! 
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where the environment cannot be controlled, and which involve large 
populations, the grain is moistened and then covered with a dense coat¬ 
ing of smut. 

In Table 1, figures are given for glasshouses and field tests in which 
the grain was inoculated by the methods described above. 


Table 1. 


Variety. 

Grown In— 

Infection. 

Number 

of 

Plants. 

Per¬ 

centage 

Infection. 

Whole. 

Partial. 

Appar* 

ently 

Healthy. 

Aussio 

Glasshouse .. 

39 

7 

1 

47 

98 


Field 

33 

16 

11 

60 

82 

Canberra 

Glasshouse .. 

38 

8 

0 

46 

100 


Field 

28 

12 

32 

72 

66 

Yandilla King 

Glasshouse .. 

5 

24 

30 

69 

49 


Field 

3 

46 

29 

77 

62 

Nabawa 

Glasshouse .. 

2 

9 

64 

66 

17 


Field 

1 

8 

71 

80 

11 

Bunyip 

Glasshouse .. 

1 

28 

40 

69 

42 


Field 

0 

14 

71 

85 

16 

Goeralying .. 

Glasshouse .. 

0 

6 

41 

46 

11 


Field 

0 

9 

59 

68 

13 


The figures for infection under field conditions are low, but this 
tost was planted under unfavorable conditions for infection. The 
examples chosen illustrate the reaction of resistant and sus¬ 
ceptible ” groups of varieties. In the former class, it will be seen 
that not only are the figures for infection much lower than those of 
the latter group, but also the numbers of partial infections heavily 
outweigh those for whole ” infections; the reverse is the case for 
Aussie and Canberra. Yandilla King illustrates an interesting case; 
the infection figures are high, but the number of partial infections 
exceeds that of whole infections. Also, in this variety the percentage 
infection obtained under field conditions consistently exceeds that for 
glasshouse tests. 

To define the reason for the different reactions of wheat varieties 
to flag smut is the ultimate aim of the investigations under discussion, 
and it is hoped that, under carefully controlled environmental con¬ 
ditions, the study of the growth relationships of host and pathogen 
and the tiller relationships within the host will furnish some useful 
information. Observations have recently been made on the rate of 
germination and on the total length and rate of growth of the coleoptile 
in 28 varieties. The data have not yet been analyzed, but a contrast 
is apparent between the quick germinating varieties with short rapidly 
elongating coleoptiles (e.g., Galgalos, Kabawa), and the slow ger¬ 
minating varieties with long, slowly elongating coleoptiles (e.g., Can¬ 
berra, Caliph). Now Galgalos and Nabawa have been classed as 
resistant ” varieties and Canberra and Caliph as “ susceptible ” 
varieties. Should it be possible in this way to correlate some char¬ 
acteristic of structure or growth of a variety with its flag smut re¬ 
action, a definite advance in the study of resistance to this disease will 
have been achieved, and the breeding of strains of wheat even more 
resistant than those at present known will have been facilitated, 
C.7639.—2 
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The Keeping Qualities of Dried Grapes as 
Affected by Processing. 

By W, R, Jewell, Af.Sc., A.LC.* and A, V. Lyon, M.AgrScJ^ 

At a Conference representi^tive of the Australian dried (vine) fruits industry 
which met in August, 1930, a resolution was carried to the efi^t that represen¬ 
tations be made to C.S.I.R. to have Mr. A. V. Lyon’s services made freely 
available to the dried fruits industry throughout Australia for advisory work 
in regard to dipping, irrigation, cultural, and packing processes. The Conference 
re-assembled in November, 1930, and, among other things, approved of sugges¬ 
tions regarding the detailed ways in which effect could be given to the objects 
behind the resolution. Shortly afterwards, the Dried Fruits Control Board 
generously granted £1,000 per annum for two years to finance the work involved. 
So far as packing processes are concerned, it was considered that some 
investigations into the keeping qualties of dried fruit in relation to the moisture 
content and in relation to recent innovations in packing house procedure were 
urgent. In consultation with the State Departments concerned, it was 
subsequently arranged that the details of this work would be left to the 
Committee on the Sulphuring of Dried Fruits (see this Jourruil 2 : 151,1929), that 
Mr. F. de Castolla of the Victorian Department of Agriculture would be added 
to that Committee, that the Committee’s functions would be extended to cover 
the processing of all dried fruits, and that in future it would bo known as the 
Fruit Processing Committee. The present constitution of the Committee is as 
follows:—^A. V. Lyon, Esq., Commonwealth Research Station, Merbein; 
C. G. Savage, Esq., Department of Agriculture, New South Wales ; W. R. Jewell, 
Esq., Department of Agriculture, Victoria; F. de Castella, Esq., Department of 
Agriculture, Victoria ; and G. Quinn, Esq., Department of Agriculture, South 
Australia. 

The Report that follows gives the results of the above-mentioned co-operative 
investigations into the keeping qualities of dried vine fruits.— Ed. 


i. Introduction. 

The appearance and general quality of dried grapes may change subsequent 
to packing. The change almost invariably results in deterioration, taking 
the form of ‘‘ sugaring,” massing of berries, and darkening. Apart from 
general depreciation in value, there is also a possibility of a portion of one 
parcel which was true to type when packed, showing distinctive differences 
later. For this reason, packers of this dried fruit frequently receive com¬ 
plaints of departure from sample in portion of a parcel originally uniformly 
graded. 

2. Investigations. 

(i) General .—An investigation was commenced in 1931 to determine 
whether certain factors could be correlated with any undesirable charac¬ 
teristics that developed subsequently. 

The controllable factors considered to affect keeping qualities are :— 

(а) The substances used in the dip prior to drying. 

(б) The moisture content. 

(c) The severity of treatment in the cleaning machines. 

(d) Application of paraffin emulsion. 

(e) Entomological pests. 

The investigation took the form of storage trials of fruit that had been 
subjected to various processing treatments. The fruit was divided into a 
number of groups, each group excepting one consisting of uniform fniit, 

* Agricultural Beaearch Cbemiat, Department of Agriculture, Victoria, 
t OfBcer-ln-Charge, Commonwealth Research Station, Merbein. 
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subjected to different treatment within the group. The unit for treatment 
was 28 lb. of dried fruit, commercially packed. Some of the groups were 
chosen as exhibiting, on inspection, apparent differences in moisture content 
and colour. The storage period extended over approximately twelve 
months. 

The fruit was stored in the officcis of the Victorian Department of Agri¬ 
culture, Melbourne, and for a portion of the time (seven weeks ending 15th 
August) in a room adjoining the assay furnaces, at a fairly constant 
temperature of 70° F., which, it was considered, might expedite changes. 
Initial infestation by dried fruit pests was allowed to develop. 

The treatments within the groups and characteristics of the groups are 
given in Table 1. 

(ii) Treatment .—The processes indicated in Table 1 are elaborated 
below :— 

(a) Difping Practice. —Similar fruit was treated on the same day by four 
dips in commercial use, and the resultant dried samples were stored. The 
examination during storage was especially directed towards colour changes 
and general quality. 

Two of the dips used (the cold dip and the modified temperature caustic 
dip) have been described elsewhere.* The mixed dip is a later development, 
evolved at the Commonwealth Research Station, Merbein. The solution 
in whicli the grapes are dipped contains 0 5 per cent, potassium carbonate, 
sufficient caustic soda (approx, 0*5 per cent.) to crack the berries slightly, 
and 0*4 per cent, (by volume) olive oil. This dip is used at a temperature 
of 180° F, 

The “ Ingerson ” dip, evolved by Mr. A. C. Ingerson, Berri, South Australia, 
is a modification of the mixed dip, containing 0*4 per cent, potassium car- 
bonatii, 0*4 per cent, caustic soda, and only a very little olive oil (1 part in 
1,000). It is used at 190° F. 

(h) The Cleaning Machines .—^Damage by machinery shows in breakage 
of individual berries. This may effect the free running of the fruit, and also 
incr(*ase crystallization subsequent to packing. On the other hand, it is 
necessary to remove stems and other extraneous matter from the fruit, 
and for this reason additional treatment in the machines, known as “cap 
stemming ” since it aims at removal of the stalks of the berries, has been 
introduced. 

(c) Washing .—Washing in water is performed in washing machines, 
and is practised for removal of dust, and small pieces of stalk and such like 
matter. It is compulsory when fruit is considered unsatisfactory in these 
respects. 

(d) Application of Paraffin Emulsion .—The application of a paraffin 
(emulsion to dried fruit came into practice for the purpose of inhibiting 
infestation by entomological posts of dried fruit. The treatment was devised 
by Mr. H. F. Showell, Renmark, South Australia, and is covered by patent 
rights. The efficacy of the treatment (generally known as “ Showelling ’’) 
was investigated by one of us, and a report on this aspect of the treatment 
is ready for publication. Subsequently, it was noted that the treatment 
possessed virtues in that it cleaned the fruit and reduced stickiness, thereby 
promoting free running. 

* Coiiti<*ll for Scleiitiflc and Industrial Research, Auntralla, Pamphlet 6 (I9‘i8> 
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Varying amounts of paraffin in the Showell solution were included in the 
treatments for examination of this aspect of the subject and for confirmation, 
on a commercial scale, of laboratory findings with respect to the effective 
strength of the solution for control of entomological pests. Two samples 
in which the paraffin oil had been applied as a spray were also included. 

(iii) Moisture and Sugar Contents .—^Moisture determinations were made 
three times during the investigation—^an initial examination in May; a 
second examination in August, following a period of warm humid conditions 
of storage ; and a third examination in February, following dry hot summer 
weather. The percentage of sugar was determined at the commencement of 
storage. Moisture percentages were determined by the toluol distillation 
method, and sugar by the Munson and Walker method (direct weighing of 
cuprous oxide A.O.A.C. 1925). The figures obtained are given in Table 1. 

Table 1. 


Group No. 

Box No. 

Treatment. 

Sugar %. 

Moisture % (on dry 
weight). 

May, 

1031. 

Aug., 

1031. 

Feb., 
103 ! 

I.—Selected for varia- 

1 

Cold dip 

85*7 

17*6 

17-4 

17*6 

tions in dip 

2 

Mixed dip 


17*8 

19*6 

20*2 

3 

Ingerson dip 

.. 

19*7 

18*3 

19*6 


4 

Modified tempera¬ 
ture or caustic 
soda dip 


20*5 

18*3 

17*0 

II.—Selected for low 

5 

Unstemmed 





moisture content 

6 

Graded .. 

86*9 

17*2 

17*8 

18*8 


7 

Graded and cap 
stemmed 

•• 

17*6 

17*6 

•• 


8 

Water washed 


18*4 

19*3 



9 

7i% “ShoweU”.. 

,. 

17*6 

18*8 

., 


10 

11 

10% 

12i% „ 

Missing 

18*6 

20*2 

18*8 


12 

16% 

19*3 

19*3 


1 

Mean 

(1-12) 

. . 

i 

(18-4) 

(18-6) 

(18-6) 

III.—Selected for aver¬ 

13 

Unstemmod 


.. 

.. 


age moisture and low 

14 

Graded .. 

82*8 

19*6 

20*6 

19*6 

sugar 

15 

Graded and cap 
stemmed 

•• 

21*4 

20*6 



16 

Water washed 


22*4 

21*1 



17 

7J% “Showell”.. 

,, 

22*6 

20*6 

,, 


18 

10% 

• • 

22*2 

20*6 

200 


19 

12i% 


19*9 

21*1 

, , 


20 

15% 

,. 

22*4 

21*4 

. , 


Mean 

(14-20) 

• • 

(21*6) 

(20*9) 

(19-8) 

IV.—Selected for aver¬ 

21 

Unstemmed 





age moisture content 

22 

Graded .. 

84’5 

20*7 

22*6 

22*1 

and average sugar 

23 

Graded and cap 
stemmed 


19*7 

21*2 



24 

Water washed 

., 

22*9 

23*6 

22.7 


26 

7J% “Showell”.. 

,, 

22*1 

22*6 

., 


26 

10% 


21*6 

‘23*0 

22.7 


! 27 

12*% „ 

,, 

22*9 

22*6 

,. 


28 

15% 

,, 

21*9 

22*5 

,. 

j 

Mean 

(14-28) 

.. 


(21*6) 

(21*7) 

(21-4) 
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Table 1—continued. 


Group No. 

Box No. 

Treatment. 

Sugar %. 

Molsttire % (on dry 
weight). 

May, 

1981. 

Aug, 
1931. 

Feb., 

1932. 

V.—Selected for high 

29 

Unstemmed 





moisture and average 

30 

Graded .. 

84-4 

28*4 

28-0 

23-5 

sugar 

31 

Graded and cap 
stemmed 


24*7 

26-1 

•• 


32 

Water washed 


25*2 

24-2 



33 

7i% “Showell”.. 

.. 

26*0 

24-2 

,, 


34 

10% 


24*7 

24-2 

22.9 


35 

12% 


26*2 

23-8 



36 

16% 


24-6 

22*9 

., 


Mean 

(30-36) 


(25-5) 

(24-8) 

(23*2) 

VI.—Sprayed with 

37 



20-7 

20*5 

18*4 

paraffin oil 

38 

. . • . 

,, 

22-8 

22-1 

20-2 


Mean 

(37-38) 



(21-8) 

(21-3) 

(19-3) 

VII.—Selected units for 

39 

Ix)w moisture 

85*3 

20*9 

20'2 


variation in moisture 

40 

Average moisture 

87*8 

20*8 

20-3 

18*2 

content 

41 

High moisture 

87-6 

21-6 

200 



42 

High moisture 

85*4 

21*9 

23*9 

17'1 


43 

Non-irrigated areas 

86-1 

17-6 

17-8 

18-4 


44 

Non-irrigated areas 
washed 


21*6 

23*0 

19-6 


Mean 

(39-44) 

.. 


(20-7) 

(20*9) 

(18*3) 


Note .—With the exception of Group VII., all the fruit consisted of sultanas 
Group VII. consisted of currants. 


(iv) Colour .—The colour of each sample was recorded on a colour chart 
(Ridgeways). It was found that three colour groups in each box were 
sufficient to include 98 per cent, of the total fruit. A value for each colour 
was obtained arbitrarily, by dividing all the colours encountered into five 
colour groups, and giving a colour unit to each group as under :— 


Groups. 

Clay colour 

Tawny olive, Buckthorn brown 
Antique brown, Sudan brown 
Brussels brown, Argus brown 
All darker groups 


Unit colour value. 
5 
4 
3 
2 
1 


The total colour value of the mixed sample in each box was then obtained 
by multiplying the percentage in each group by the unit colour value. At an 
initial examination, samples of all units examined for colour were desiccated 
and sealed. These samples were utilized as a comparative standard from which 
colour changes in the stored fruit wore observed. 
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A comparison of the initial total colour values and an indication of the 
extent of depreciation over the whole period is ffiven in Table 2. 


Table 2. 


(JnMip. 

1 

1 Sample. 

1 

Total 

colour 

value 

(May). 

Dominant colour. 

May. 

April. 

I.—Low mf)ifttaire .. 

I 1 

44 

6-4 

4 


i 2 

38 

4 

3-2 


3 

80 

3 

2 


' 4 

28 

3-2 

2 

IT.—Low moisture .. 


40 




\ ^ 

40 

3 

2 


7 

84 

4 

3 


8 

37 

4 

8 


9 

36 

4 

8-2 


10 

36 

4 

3 


11 

Missing 




12 

36 

4 

3 

IV. — Average moisture 

22 

26 

3 

2 


28 

27 

8 

2 


24 

28 

3 

3 

1 

25 

25 

3-2 

2 


26 

25 

3-2 

2 


27 

20 

2 

2 


28 

23 

3-2 

2 

V. — High moisture 

80 

19 

2-1 

1 


81 

22 

8-2 

[ 2-1 


82 

18 

2 

1 


33 

19 

2 

1 1 


34 

19 

3-2 

2 


35 

19 

3-2 

2 


36 

18 

3-2 

2 

VI. 

37 

25 

3 ‘ 

2 


88 

18 

2 

I 


3. Discussion of Results. 

(i) The Effect of the Dip ,—The influence of the dips on colour was most 
marked and consistent with observations made at the conclusion of field 
processinu. The order of merit in reference to colour was as follows :— 

1. Cold dip. 

2. Mixed dij). 

3. Ingerson dip. 

4. Caustic dip. 

At the initial examination, the mixed dip approached the colour value 
of the cold dip, and these two exhibited marked superiority over the 
remaining two of this series. Subsequently, the mixed dip fruit depreciated, 
and at the final examination was exhibiting the colour of that of the caustic 
rather than that of the cold dip. The order of colour value was maintained 
with loss of colour greatest in the mixed dip. At the conclusion of the trial, 
the cold dip samples alone could be classed in trade terms as light and bright 
fruit. 
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(ii) The Effects of the Machinery ,—The results of processing in the cleaning 
machines were apparent in all groups, excepting possibly Group V. 
Damage to, and breaking of, the individual berries were reflected in 
crystallization of sugar, massing of the fruit, and stickiness. These 
characteristics increased fairly regularly with the severity of the treatment, 
as disclosed by comparisons of the first three samples in each group. 

The high moisture content of Group V. may account for sugaring being 
less in evidence, as these softer berries were probably damaged to a less 
extent during agitation in the cleaning machines. The work of the cleaning 
machines is more efficient with dry samples, stalks and “ cap stems ” being in 
evidence in the moist fruit of Group V. The “ cap stemmed ” samples and also 
the dry samples of Group II. sliowed to advantage in general cleanliness. 

There is thus a conflict of results, in that severe mechanical processing, 
necessary for cleanliness, may increase sugaring and stickiness, although the 
fact that well dried samples are relatively easily cleaned affords some relief. 

(iii) Washmy in Water. —The practice of washing dried fruit is limited to 
samples which cannot be satisfactorily cleaned otherwise. It is recognized 
that washing reduces general quality, and, in the case of the Zante currant, 
detracts from the trade value by removal of the “ bloom.” 

Washing inevitably increases the moisture content. Excepting sample 44, 
the washing was carried out with the minimum eff(*etive quantity of water, 
and analyses disclose increases from 1 to 2 per cent, in moisture content. 
Sample 43 represents an unwashed control for (comparison with sample 44, 
which was washed in a copious stream, and showed a 5 per cent, increase in 
moisture content. 

It is evident that thorough drying is a necessary provision prior to 
washing, in order that the added water shall not increase the moisture 
content unduly. In general, the water-washed samples presented a “ soggy,” 
drab-coloured appearance, out of all proportion to the effect that could be 
attributed to the added moisture percemtage. No provision was made for 
further drying subsequent to washing, and the deterioration in storage may 
possibly be connecte(l with changes resulting from relatively high moisture 
content of the integument of the berry when packed. No such deterioration 
has been noted subsequent to washing during field processing, when further 
drying is invariably carried out. 

(iv) “ Showelling .**—The examination of the fruit was of a twofold nature, 
covering both the (extent of infestation by pests and also general quality. 

The 7^^ per cent, emulsion proved inadequate in all particulars, the 
characteristics of the packed fruit ultimately approaching those of the 
untreated controls. At a strength of 10 per cent, or over, the Showell 
treatment markedly increases “ free running ” of the fruit, and, in com¬ 
parison with water-washed fruit where comparable amounts of water are 
added, also preserves colour. At higher strengths (over 10 per cent.) the 
oil was too much in evidence, coming off freely on the hands when the fruit 
was touched. The higher strengths were satisfactory in other respects, 
i^arvae of the principal pest of dried fruit {Plodia interpunctella) were found 
at all stages of development on the samples treated with 7J per cent. Showell 
solution, though not in such high numbers as in the untreated controls. 
Fruit treated with 10 per cent, and higher strengths consistently contained 
only a few adult larvae. Thus, a 7^ per cent, solution may be regarded as 
ineffective, while 10 per cent, or over is effective. The presence of well- 
developed larvae on “ Showelled ” fruit is consistent with former observations 
and does not indicate ineffective control. Direct application of paraffin 
proved efficient for pest control (37-38). 
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(v) Moisture and Sugar Percentages .—^Determinations of sugar percentages 
yielded little information, and sugar content has apparently little influence 
on keeping qualities. The series chosen for low sugar content (13-20) exhibited 
no special characteristics distinct from other series. Changes in moisture 
content during storage were insignificant, as shown by the means of the 
dry (1“12), the medium (14-28), and the wet series (30-36) (Table 1). Moisture 
percentages showed a close association with definite characteristics. 'The 
satisfactory colour associated with a low moisture content (samples 1-12) 
at the initial examination was in evidence throughout the series, and through¬ 
out the period of the trials. There is evidence that deterioration in colour 
during storage is associated with a high moisture percentage. Much of this 
effect, however, had taken place prior to the initial examination, which was 
made some time (4-40 weeks) after packing. 

The samples having a high moisture content also had a low colour value 
at the initial examination, and were inferior to the grade assigned to them 
when packed. “ Massing and stickiness are undesirable characteristics 
of all samples with a high moisture content. 

(vi) Colour .—The arbitrary values assigned to the various treatments 
(Table 2) show that the initial colour is principally controlled by the dip 
used in the processing ; and that a high moisture content is associated with 
a low colour value. 

Factors affecting colour during field processing have been dealt with 
in a previous publication.* It is noted that the two principal causes of 
darkening during field processing (massing by removal from the rack before 
drying is properly completed, and rain during the drying period) are 
attributable also to a te.mporary high moisture content. 

4. Summary of Results. 

1. The dip used in field processing has a major influence on initial 

colour value. 

2. Sultanas processed by the cold dip, if well dried, retain their colour 

to a greater extent than fruit processed by mixed or caustic dips. 

3. Crystallization of sugar increases according to the severity of the 

machinery treatment during processing. 

4. Crystallization is lessened by a high moisture content, which, 

however, is undesirable for other reasons. 

5. Stickiness and massing are associated with damaged berries and a 

high moisture content. 

6. Washing in water immediately prior to packing decreases general 

quality, particularly by removal of bloom in the case of Zante 

currants. 

7. A standard of 10 per cent. Showell solution is essential for pest 

control and to exert a satisfactory influence on the “ freedom ” 

of the fruit. 

8. High moisture content is associated with deterioration in colour. 
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A Note on the Relation of Mineral Nutrition 
to Transpiration in Plants. 

By Arthur H. K. Petrie, Ph.D., M.Sc. 

(Waite Agricultural Research Institute, University of Adelaide). 

The brief article that follows is one of the reports (No. 20) that have 
been made in connexion with the co-operative investigations into the 
mineral deficiencies of pastures which are mentioned by Professor 
Richardson elsewhere. (See page 151 ).—Ed. 

1. Introduction. 

The growtti of our knowledge of the nxineral relations of the plant 
is bringing increasing realization of the essential part played by 
inorganic ions in conditioning physiological processes and hence in 
regulating growth and development. Among such processes is that of 
transpiration, which may be greatly influenced by the mineral nutrition 
of the plant. The present note is devoted to a consideration of some 
observations upon the well-known effect of nitrates in reducing tran¬ 
spiration. 

The material used was A triplex semihaccatum, and had been grown 
as an experiment, described by Trumble (7), to determine the effect of 
different manurial treatments on production and water requirement; 
opportunity w’as subsequently taken, however, to extend the scope of 
the inquiry to more fundamental physiological considerations. 

2. Experimental. 

Forty-eight pots were filled with two parts of Waite Institute 
fallowed loam and one part of Gawler River sand on 14th April, 1931. 
Eight manurial treatments were applied in six replications on 1st June, 
being mixed in with the top i kgm. of soil; these were as follows in 
grammes per pot (6 gm. = 1,000 lb. per acre) :— 

T1 Nil. 

T2 Superphosphate, 6 gm. 

T3 NaNOg, 3 gm. + 3 gm. in August. 

T4 NaCl, 6 gm. 

T5 Superphosphate, 6 gm. + NaNOg, 6 gm. 

T6 Superphosphate, 6 gm. -j- NaCl, 6 gm. 

T7 Superphosphate, 6 gm. + NaNOg, 6 gm. + NaCl, 6 gm. 

T8 Superphosphate, 6 gm. + NaNOg, 6 gm. + NaCl, 24 gm. 
(= 0.12% of soil). 

The pots were then sown with Atriplex semihaccatum, 5 clumps per 
pot, on 2nd June. Three kilogrammes of gravel were added to restrict 
evaporation from the soil. The pots were weighed weekly to determine 
water loss. The loss from the soil was determined in six fa]low pots, 
and this was subtracted from the total water loss for each pot to give 
the Joss due to transpiration. Water was added weekly to maintain the 
moisture content of the soil at 68.5 per cent, total saturation. 

One replicate was harvested on each of the following dates:— 
17th, 23rd, 25th, 30th November; 2nd, 4th December. Immediately 
after harvesting, the fresh weight was determined, and an aliquot 
removed for estimation of the osmotic pressure of the expressed sap. 
The sap was expressed under hydraulic pressure of i ton, after the 
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material had been frozen by immersion for several seconds in liquid 
oxygen*. The osmotic pressure of the sap obtained was determined 
cryoseopically. The remainder of the material was used for dry weight 
determination. 

The results are given in Table I. In assessing the standard error of 
each set of data, it was necessary to consider that the harvests were 
taken on different days. There were thus two factors contributing to 
the variance among the data in addition to the experimental error; 
these were treatment and a time factor. The latter was considerable 
in the case of the osmotic pressure data, since osmotic pressure would 
be considerably influenced by the varying water-content of the plant. 
On this account, the process of analysis of variance was applied to each 
set of data, and the variance due to time and treatment was deducted 
from the total variance. The standard error given for each set is that 
obtained from the remainder variance. The details of the analysis in 
the case of osmotic pressure are given in Table II, and show the high 
variance due to the time factor. 


Table T.—Protocol of Experimental Resi^lts 
(means of six replications).* 


Treatment. 


Dry weight. 

Net 

transpiration 
per pot 

'rraiispiratlon 
ratio pc‘r 
pot. 

Osmotic 

pressure. 




kgm. 


atmos. 

T1 

• • 

54-36 

19-56 

360-0 

30-8 

T2 


51-86 

18-35 

354-9 

31-9 

T3 


95-29 

28-82 

302-4 

32-4 

T4 


46-38 

16-70 

360-6 

31-4 

T5 


91-24 

28-61 1 

314-1 

34-2 

T6 


46-34 

16-27 

351-1 

33-9 

T7 


99-58 

28-62 

287-4 

35-4 

T8 


75-35 

22-67 

302-6 

36-4 

Standard error .. 

i 

■■ 1 

i212 

1 


±7-80 

±2-66 


♦ Dry weight and transpiration data after Trumble (7). 


Table II.— Analysis of Variance fob Osmotic Pkkssure Data. 


Faet-or 

! i 

1 Degrees of j 
1 Freedom, j 

_j . J 

Sum of sqq. ' 

1 

1 

1 

' Mean sq 

! standard 

j Deviation 

Time .. 

1 

.. 1 5 

88-033 

17-607 


Treatment 

7 

165-932 

22-276 


Remainder 

.. 1 35 

247-645 

7-070 

2-66 

Total .. 

.. 1 47 

1 

491-610 




2 (treatment; remainder) = 1 • 475 
1% point ~ <*6 

* It miiBt be appreciated that the method of obtaining sap by pressure after freezing gives a 
liquid whose resemblance to tlie vacuolar sap of the living cells is only approximate; and the 
numerous variants of the method cannot reduce considerably the degree of apT)roximatlon. Freezing 
has been advocated by many workers because of the necessity of destroying the semi-permeability 
•of the cell-membranes: the greater concentration of sap obtained after such treatment is regarded 
as being due to the release of Ions otherwise held back by those membranes Yet it would be 
•exacted that freezing would cause the release of co'loidally adsorbed ions, although Dixon and 
Atldns (2) found that the sap obtained by this method would not plasmolyse the living cells and 
hence is presumably not more concentrated than that present In the vacuoles. In any case, It Is 
probable that the osmotic pressure values obtained in the present work are sufficiently comparable 
TO indicate the order of variability of the osmotic pressure of tlie true vacuolar sap In the material 
Tinder investigation. 
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3. Discussion. 

Examination of the data shows that certain of the manurial treat¬ 
ments had a pronounced effect on the dry weight of the harvests. Super¬ 
phosphate (T2) has no appreciable influence; sodium nitrate, whether 
applied alone (T3) or in conjunction with superphosphate (T5, T7), 
increases the yield greatly; sodium chloride depresses it (T4, T6) and 
even counteracts the influence of sodium nitrate when applied in excess 
(T8). 

Transpiration has been expressed as total water lost/total dry matter 
produced, a quantity known as the transpiration ratio. Superphosphate 
and sodium chloride, either singly (T2, T4) or in combination (T6), 
have no appreciable effect on this ratio*; sodium nitrate, however, causes 
a marked reduction in each case where it is applied (T3, T5, T7, T8). 

The various manurial treatments will be seen also to have increased 
the osmotic pressure of the cell sap in the following order:—T2, T4, 
T3, T6, T5, T7, T8. The general drift of this order may be regarded 
from the z value as significant, although the positions of individual 
treatments cannot be so ill'view of the high standard error. 

The relation of yield to manurial treatment presents no new features 
of fundamental significance, although it adds to our knowledge of the 
specific behaviour of Airiplex. Turning to our main object of con¬ 
sideration, the transpiration of the plants, the outstanding result is the 
marked reduction in the transpiration ratio caused by sodium nitrate. 
This effect is already well known (e.g. Wilfarth (8)), but its physio¬ 
logical interpretation is not yet established. 

The only measure of transpiration available in the data before us 
is the transpiration ratio. This quantity, while of value as an index 
of the efliciency of the process of dry matter production with respect to 
water consumption, tells us nothing of the independent variations in its 
terms during the life of the plant. Let us consider two plants, A and B, 
B having a lower growth rate than A. Harvesting is deferred until B 
has attained the same dry weight as A. If the rate of transpiration per 
unit weight of both plants is the same throughout their life period, 
the total water loss of B, and hence its transpiration ratio, will be 
smaller than the same quantities of A. Nevertheless, although nitrates 
are known to retard the development of plants, it is unlikely that the 
marked reductions in transpiration ratio can mean other than a real 
reduction in the rate of transpiration per unit weight throughout at 
least the greater part of the life period. 

The osmotic pressure of the cell-sap of the leaves may be expected 
to be a factor influencing transpiration. This possibility has already 
been investigated by Eaton (3) for the cajse of a reduction in the tran¬ 
spiration ratio of AtHplrx which he obtained on treatment with sodium 
(diloride. He found that, while the transpiration ratio and osmotic 
pressure were closely related, the actual increases in osmotic pressure 
were of a much lower order than would have been necessary to effect the 
corresponding reductions in transpiration. 

It remains to be considered, however, whether the nitrate treatment 
could have achieved its effect on transpiration by increasing the osmotic 
pressure. It will be seen from Table I that transpiration ratio tends 

* This does not agree with the results of Eaton, (S) who found that sodlmn chloride reduced the 
Iran^ptration ratio of Atrifhx iemibaceatum. 
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to be a decreasing function of osmotie pressure, although here, where 
the difiFcrent salts may have introduced secondary effects, the relation 
is not so precise as that obtained by Eaton. However, for Tl and T7, 
which show the maximum transpiration difference of 19 per cent., the 
osmotic pressure difference corresponds to a difference in vapour pres¬ 
sure of the sap of only 0.3 per cent., which is clearly negligible in its 
effect on water loss by evaporation. 

We must therefore regard osmotic pressure and transpiration as 
being independently related to the supply of m,ineral nutrients. Eaton 
showed by conductivity determinations that in his experiments with 
sodium chloride the increased osmotic pressure of treated plants could 
be completely accounted for by the increased mineral-ion concentration 
of the sap. 

Another possible explanation for the effect of nitrate on transpira¬ 
tion is that the ratio of leaf area to dry weight is reduced. While 
there is no evidence on this point for Atriplex, Gregory and Kichards (5) 
found that nitrate-deficiency in barley caused a slight reduction in the 
ratio leaf-area/dry weight. Gregory (4), moreover, has shown that the 
increase in dry matter of barley produced by nitrate application is due 
to increase in leaf-area, the efiiciency of assimilation remaining 
unchanged. Gregory and Eichards (5) also found that nitrate deficiency 
in barley causes no significant change in the rate of photosynthesis 
per unit area. It is therefore unlikely that alteration in leaf-aroa/dry 
weight can be the explanation needed. 

The mechanism of the reduction of transpiration effected by nitrate 
treatment will perhaps ultimately be found in the physical characters 
of the protoplasm of the mesophyll cells. To pass from the vacuolar 
reservoir to the intercellular space system, it is necessary for the water 
to pass through the protoplasm, and its rate of passage will be governed 
largely by the imbibitional and other properties ot the protoplasmic 
colloids. Our knowledge of the effect of mineral ions on non-living 
colloidal systems leads us to believe that these properties will 
undoubtedly be influenced by manurial treatment. Recent work by 
Grist (1) and Pearsall and Ewing (6) suggests that sucli influence may 
indeed be the explanation of the phenomenon under discussion. 

4 . Summary. 

The effect of nitrate treatment in reducing the transpiration ratio of 
Atriplex scmihaccatvm cannot bo explained in terms of reduction of the 
osmotic pressure of the cell-sap. Other possible interpretations are 
discussed. 
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Note re An Improved Design for the 56-lb. 
Dried Fruit Box. 

By Ian Langlands, B.E.E. 

(Division of Forest Products). 

One of the major problema of the Australian dried-fruit industry 
is the prevention of insect infestation of the fruit. In the last few 
years, a great improvement in the condition of the fruit on arrival at 
its destination has been effected by such measures as immunization of 
the fruit before packing, and fumigation of the packing and storage 
sheds, but in spite of all precautions insect attack still occurs. The 
general consensus of opinion is that the fruit is reasonably clean when 
it is packed, and that the major part of the infestation occurs after 
the fruit has left the packing sheds. Entomologists consider it likely 
that the damage could be very materially reduced if the containers in 
which the fruit is packed remained insect-proof. According to Dr. 
J. G. Myers,* the fundamental element in the elimination of the 
pest (the Plodia moth) is the insect-proof container, which constitutes 
at once a preventative and an insurance.” 

The first step in the evolution of the ideal pest-proof container 
is the design of a box that will be capable of withstanding the rough 
handling encountered in transit from the packing sheds to the overseas 
consumer. In this regard, observations made during a visit to the 
Melbourne wharfs are of interest. In one consignment of dried fruit 
being loaded on an overseas liner, over 50 per cent, of the boxes were 
sufficiently damaged to allow free movement of the moth. That this is 
not an isolated case is shown by the fact that in another consignment, 
packed at a different shed, over 30 per cent, of the boxes were damaged. 
This damage occurred before the boxes were loaded into the ship, and 
it is safe to say that a great many more boxes would be damaged 
before the fruit reached its final destination. 

In co-operation with Mr. A. V. Lyon, Officer-in-Charge of the Com¬ 
monwealth Research Station, Merbein, the Division of Forest Products 
has carried out a comprehensive series of tests with a view to improving 
the design of the present type of box, the revolving drum described 
in a previous issue of this Journal, (5: 68 , 1932) being used to simulate 
the rough handling received in service. The tests showed that the 
fundamental weakness of the box as ordinarily constructed lies in the 
nailing. This is w^ell illustrated in Fig. 1, which represents graphically 
the resistance to rough handling of boxes identical in construction 
except for the nailing. It will be seen that a box with, four IJ-in. x 

13 gauge nails in each end of the sides, and six l^-in. x 14 gauge nails 
in each end of the top and bottom will withstand approximately five 
times as much rough handling as a similar box with three l^-in. x 

14 gauge nails in the side nailing edges, and four 1 J-in. x 14 gauge 
nails in the top and bottom nailing edges, and approximately two and a 
half times as much as a box with four l^-in. x 14 gauge nails in the 
sides, and four l^-in. x 14 gauge nails in the top and bottom. 

Even with four l|-in. x 13 gauge nails in the side nailing edges, 
the nailing of the sides to the ends is still the weak point of the box. 
The number of nails, however, cannot be increased, as most nailing 

* Ueport on Insect Infestation of Australian Dried Fruits.** Empire Marketing Board, 1027. 




machines are incapable of driving nails closer than inch. More¬ 
over, increasing the size of the nails is impracticable, as it induces 
splitting, with a consequent reduction in strength. 

The only other way of increasing the strength of the nailed joints 
is by the use of special high-holding-power nails. There are a number 
of different types of special nails on the market, but it was only possible. 



Fig. 1.— Kffect of number and si/t- of nails on lesi'-tniue to ron^h haiidlin^^ 
The horizontal bars lopiesont tlio innniHr ot “diops” succt*ssfull\ 
withstood. 


in the time available, to carry out tests on the two types most generally 
used, viz., barbed and spiral nails. The tests indicated that boxes 
using barbed nails are no stronger than those nailed with plain nails of 
the same size. The use of twisted nails, however, increasi'd the strimgth 
(as measured by the number of drops successfully withstood) by about 
66 per cent. That the increased holding power of the twisted nail is 
not sufficient to warrant a reduction in the size or number of the nails 
used was shown by the fact that boxes with four l^-in. x 14 gauge 
twisted nails in the side nailing edges withstood 13 per cent, less rough 
handling than boxes with four I j-in. x 13 g'augc plain nails. 

In order to determine tlic effect on the strength of the box of using 
improperly dried timber, boxes having four li-in. x 13 gauge nails 
in the side nailing edges and six l^-in. x 14 gauge nails in the top and 
bottom nailing edges were made up of timber having a moisture content 
of 27 per cent, (based on the dry weight of tlie wood). The boxes 
were then allowed to dry until the moisture content had dropped to 
17 per cent., when they were packed, strapped, and tested. The 
shrinkage of the timber caused the cracks l)etween the boards to open, 
and, as shown in Fig. 2, the boxes so constructed had only 7 per cent. 



Nailed at 17% moisture, tested at once. 


■ 17 % 


Nailed at 27%, tested at 17% moisture. 



Fig. 2.—Effect of change of moiAture content on serviceability of boxes similarly 
nailed. The horizontal bars represent the number of ‘‘ drops ” successfully 
withstood. 
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of the resistance to rough handling of boxes similarly made of dry 
material, thus demonstrating very forcibly the necessity for using 
thoroughly seasoned timber. 

As the result of these tests, an improved box shown in Fig. 3 has 
been designed. It will be seen that no alteration has been made in the 
thickness of the timber, but the number and size of nails have been 
increased. Boxes made to this design will withstand considerably more 
rough handling before showing signs of failure than the boxes now used 
in the dried-fruit industry, and their adoption should be a big step 
towards the ideal of the insect-proof container. 

When carefully made of accurately milled and well-seasoned timber 
and nailed according to the schedule indicated in the figure, the 
resultant box is fairly insect proof. As an additional precaution, 
however, it has been proposed by Dr. J. W. Munro, Entomology 
Department, Imperial College of Science and Technology, to provide 
the boxes with waxed crepe-paper liners, which are sealed after the fruit 



Internal Dimensions 19f X 12|- X6J . Sides, four if* x 13 naila per edire. 

Thickness of top and bottom ■ft*'. Nailins bottom : hix li* x u urauge nails 

Thickness of ends uniformly spaced. 

Fia. 3. Recommended design for a nailed 56>lb. dried fruit box. 

has been packed. As there was some doubt as to the ability of the 
paper liners to withstand rough handling without tearing, particularly 
when the fruit has contracted somewhat and is free to slide about 
inside the box, revolving drum tests were made on several boxes pro¬ 
vided with the above-mentioned paper liners. The tests showed that 
the paper envelopes are capable of withstanding a considerable amount 
of rough handling, in nearly every case the liner remaining intact 
even when the box was practically falling to pieces. 

From the results of the investigations carried out it will be seen 
that the strength of the ordinary dried-fruit box can be very greatly 
improved by a simple alteration in the nailing, the increased cost per 
box being only a small fraction of a penny. It must be pointed out, 
however, that the benefits obtained by proper nailing can be to a large 
extent nullified by the use of inaccurately cut or improperly seasoned 
timber. 
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Scientific Papers from the Division of Economic 
Entomology published elsewhere than in 
the Council’s Publications. 

By /?. y. TUlyard, D.Sc., &c.. Chief of the Division, 

During the progress of any line of entomological research, a number 
of useful results are obtained aside from the main economic result 
aimed at. Also, owing to the vast field covered by the science of 
entomology and the comparatively small number of workers employed 
in it, a considerable amount of work has to be done which contributes 
towards the main results aimed at, without actually forming a part of 
it. Generally speaking, all systematic and technical papers would come 
under this heading, as well as a considerable number of papers on 
life-histories and ecology. The practice of the Council is to permit 
such papers to be published elsewhere than in the Councirs own publi¬ 
cations, either in Australian scientific journals, or, if considered 
advisable, in those of other countries. 

In this article, a list is given of the papers so far published in this 
manner by the Division of Economic Entomology, together with a 
short summary of each paper, so that those of the readers of this 
Journal who may be interested may be enabled to understand the ground 
covered in each case. 

Tillyard^ R, J., 1929.—The Biological Control of Jloxious Weeds. 
Fourth International Congress of Entomology, Ithaca, N.Y., 
1928, Proceedings, vol. ii., pp. 4-9. 

This paper gives a short summary of the general problem, the safe- 
gards to be employed, and the progress of the work undertaken in 
Australia and New Zealand. 

Tillyard, R. J., 1930.—The Biological Control of Noxious Weeds. 
Royal Society of Tasmania: Papers and Proceedings, 1929 
(1930), pp. 51-86, pi. xi. (R. M. Johnstone Memorial Lecture, 
Hobart, October, 1929.) 

The lecture sets out tlie general principles of biological control, and 
emphasizes the fact that the attempt to control a weed by means of its 
natural insect enemies is the inverse of the attempt to control the 
insect pests of a useful economic plant by means of their natural 
enemies. The organisms which are beneficial to man in the one case 
are harmful to him in the other, and vice versa. If the second type 
of attempt is justified, so is the first, but certain safeguards are 
necessary, and these are stated in detail. The lecture also gave a 
detailed account of the various attempts so far made to control noxious 
weeds in this manner, both in Australia, New Zealand, and elsewhere. 

Tillyard, R. j., 1930.—The Evolution of the Class Insecta. Royal 
Society of Tasmania: Papers and Proceedings, 1930, pp. 1-89. 
(Presidential Address to Section D, Australian and New Zealand 
Association for the Advancement of Science, Brisbane, June, 
1930.) Second part only published also in the A.N.Z.A.A.S* 
volume for 1930, Presidential Addresses, Section D, 49 pp. 
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The first part consists of a review and criticism of the principal 
theories concerning the evolution of insects, more particularly Hand- 
lirsch’s theory of their origin from Trilobites, Crampton’s and Hansen’s 
theories of their origin from Crustacea, and the various theories con¬ 
cerning their origin from Myriopods. All these, when tested, appear 
to fail in one or more important points. The second part sets forth a 
new theory of the origin of insects, in which the winged insects are 
traced back to a common origin with the wingless bristle-tails or 
Thysanure; this common stock, traced further back, unites with the 
ancestors of the Protura and the springtails (Collembola), and the 
resulting ancestor again is shown to have had a common origin with 
certain groups of primitive Myriopods. The hypothetical ancestral 
group is termed the Protaptera, and its characters are defined. 

Tillyakd, K. J., 1931.—The Wing-Venation of the Order Isoptcra. 
I.—Introduction and the P^amily Mastotermitidae. Pro¬ 
ceedings Linnean Society, N,8,W,, Ivi., pt. 4, pp. 371-390, pi. xxi. 

One of the principal difficulties in the study of termites or white 
ants is their classification and the satisfactory recognition of the various 
genera and species. This is very important for the economic problem, 
since, in the past, damage of one type has been ascribed to species 
whose true habits are of an entirely different nature. While Mr. G. F. 
Hill is working out the main systematic problem for the Australian 
species. Dr. Tillyard undertook to study the development and structure 
of the wing-venation with a view to discovering how far this would 
help in the problem. The first part of his work deala with the giant 
termite of N’orth Australia, Mastotermes dartviniensis, one of the most 
destructive species known, and gives the result of his analysis of the 
venational characters. 

Nicholson^ A. J., 1931.—Methods of Photographing Living Insects. 
Bulletin of Entomological Research, London, June, 1931, xxii., 
pt. 2, pp. 307-320, plates viii-xvii. 

This paper gives the results of Dr. Nicholson’s study of the problem 
of photographing living insects. Two methods are used, the first being 
in the field, by daylight, the second either in the field or laboratory, 
by flashlight. The main principle adopted is the use of a telescopic 
focussing attachment by means of which the insect can be focussed 
simultaneously with the taking of the picture. The ingenious methods 
whereby the telescope and camera lens are made to focus automatically 
on the same spot, and the flashlight fired to give a strong, even illumina¬ 
tion of the object, are described in detail. A set of ten beautiful plates 
shows some of the results of the methods used, two of the most striking 
pictures showing the life-history of a mosquito, and a Nemestrinid fly 
hovering in mid-air. 

Hill, G. F., 1932.—Australian Termites (Isoptera). Biological Notes 
and Descriptions of New Species. Proceedings Royal Society of 
Victoria, vol. xliv (N.S.), pt. ii, pp. 134. 

This paper includes notes on the biology, distribution, and synonymy 
of five species and one variety of Calotermes, three species of Copto- 
termes, three species of Heterotermes, and three species of Eutermes. 
All of the Calotermes and one species of Coptotermes occur commonly 
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in living trees of commercial species of the genus Eucalyptus, whilst of 
the remaining species three are of considerable economic importance 
as destroyers of structural timber. Two species of Calotermes, one 
species of Heterotermes, and one species of Eutermes are described as 
new. 

Hill, G. F., 1932. Australian Khinotermes (Isoptera). Proceedings 
Royal Society of Victoria, vol. xlv. 

The first two described species, Bhinotermes intermedins Brauer 
and Rh. reticulatus Froggatt, are regarded as being specifically dis¬ 
tinct, whilst the remaining hitherto described species, Rh, breirUi Hill, 
is proposed as a sub-species of the former. Three new sub-species are 
described, viz., Rh, informedius seclmus, Rh, int, actnosns, and Rh, int, 
derosus, besides two forms of the soldier caste of Brauer’s species. 
Comparative measurements of species and sub-species of Rhinoterm^s 
are given. All the above forms are known to be extremely destructive 
to structural timber. 

Holdaway, F. G., 1929.—The Pink Bollworm Situation in Australia. 
Fourth International Congress of Entomology, Itliaca, N.Y., 
1928, Proceedings, vol. ii., pp. 73-80. 

The pink bollworms are well-known pests of cotton. There occur 
in Australia not only the true pink bollworm, Pectinophora gossypiella 
Saunders, but also three other species, one of which is the Queensland 
pink bollworm, P, scutigera Holdaway. The original home and the 
world distribution of the pink bollworm genus are discussed in the light 
of Wegener’s hypothesis of the origin of continents, which affords a 
satisfactory explanation of their occurrence as native species in Africa, 
Asia, and Australia. 

Holdaway, F. G., 1929.—Confirmatory Evidence of the Validity of the 
Species Pectinophora scutigera Holdaway (Queenaland Pink 
Bollworm) from a study of the Genitalia. Bulletin of Entomo¬ 
logical Research, xx., pt. 2, pp. 179-185. 

A study of the genitalia of both sexes of the Queensland pink 
bollworm, originally named from the immature stages, confirms the 
validity of the species. Details of the comparative morphology of 
male and female genitalia of this species and of the true pink bollworm 
P, gossypiella Saunders, are given with figures. 

Holdaway, F. G., and Evans, A. C., 1930.—Parasitism a Stimulus 
to Pupation; Alysia manducalor in relation to the Host Lucilia 
sericaia. Nature, London, cxxv. (3155), pp. 598-599. 

Figures are given to prove that there is a relation between the 
stage in which the blowfly Lucilia sericata hibernates and parasitism by 
the Braconid wasp Alysia manducator. Of two lots of 100 full-grown 
larvae examined late in autumn in France, not a single one was 
parasitized, whereas of two lots of 100 puparia examined under 
similar conditions, one showed 88 per cent, parasitism and one 89 per 
cent. It appears, then, that parasitism gives a stimulus to pupation 
and overcomes the retardation normally experienced with falling 
temperatures. 
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IIoLDAWAY, V. G., 1930.—Nutritional Status and Sox Determination. 
Nature, London, cxxvi. (3169), p. 131. 

This is a preliminary announcement of experiments in which the 
sex ratio of the flour beetle’’ Triholium confnsum Duval was altered 
by submitting newly-hatched larvae to starvation. The results suggest 
an increase in the proportion of males wdth one-day starvation, and 
show an increase in the proportion of females with starvation for two 
or three days. The average mortality was 1.2 per cent. The results 
cannot be explained as due to differential mortality of the sexes. 

Holdaway, F. G., 1930.—Field Populations and Natural Control of 
Lacilia sericata. Nature, London, cxxvi. (3182), pp. 648-649. 

As a result of studies carried out in the field at Toulouse, in France, 
the author concludes that the most important factor in the reduction 
of blowfly population in carrion is the intense competition between 
blowfly larvae together with its associated predatorism on the part of 
certain species. An initial population of 50,000 L. sericata maggots 
in 2 lb. of meat was reduced to 231 flies, while in another experiment 
60,000 were reduced to 30 flies. There is a definite ecological succ(‘Ssion 
of insect species in carrion, Lucilia sericata being the first of the 
succession. No absolute idea of the part played by parasites and 
predators can be obtained without understanding first of all the inter¬ 
relationships of the various species inhabiting the carrion. 

Holoaw'av, V, G., 1932.—An Experimental Study of the Growth of 
Populations of the Flour Beetle,” Triholium confnsum Duval, 
as affected by Atmospheric Moisture. Ecological Monographs, 
June, 1932. 

The rate of growth of populations of Triholium confnsum and their 
magnitude are shown to be dependent on the atinosplieric moisture. 
The mechanism by which the population equilibria characteristic of 
different hiimidites are brought about is through the biological control 
which the insect exerts on itself. There is thus an interdependence 
of biological control and a physical condition, atmospheric moisture. 
The effect of humidity on the physiology of the stages which constitute 
the population has also been studied, and the conclusion reached that 
it is impossible to decide from a study of the physiological effects of 
atmospheric moisture what the effects of humidity on the population 
will be. The importance of population studies to economic entomology 
is stressed. 

Evans, J. W., 1929.—A New Species of Nysius from Australia. Bulletin 
of Entomological Researchy xix., pt. 4, pp. 351-354. 

The common Rutherglen Bug, Nysius vinitor Bergroth, is a well- 
known pest of fruit trees, vines, and vegetables. A new species N. 
clevelandensis is described from Queensland, related to the common 
species. Figures are given to enable the two species to be distinguished. 

Evans, J. W., 1929.—New Species of Nysius from South Africa. 
Bulletin of Entomological Research, xx., pt. 3, pp. 267-270. 

Five species of Nysius are dealt with from South Africa, of which 
one, N. binotatus Germar, is a common household pest and attacks fruit, 
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potatoes, and sunflower secdheads. It is called by the Boers 
stiiikvlieg.” Four other species are here dealt with, three of which 
are new to science. 

Evans, J. W., 1931.—Notes on the Biology and Morphology of the 
Eurymelinae. Proceedings Linnean Society of N,8.W,, Ivi., pt. 
3, pp. 210-22§. 

The Eurymelinae are a group of rather large leaf-hoppers which 
attack Eucalyptus by sucking the sap. They secrete a honeydew which 
is greatly appreciated by ants. But for the attacks of numerous 
parasites, they would cause great damage to the saplings on which 
they mostly live. The paper gives a large number of interesting details 
about the general life-history of the group, and also deals with the 
external and internal morphology. 

Fuller, Mary, 1931.—The Life History of Calliphora ochracea Schiner. 
Proceedings Linnean Society of N.SJW,, Ivi., pt. 3, pp. 172-181, 

The blowfly Calliphora ochracea occurs along the coast and table¬ 
lands of New South Wales and Queensland. It is found chiefly in 
spring and autumn. The paper gives full details of the egg, larval 
instars, and puparium, and discusses the effect of temperature and 
humidity on the rate of development. The maggots thrive in carrion 
under experimental conditions, but have never been found in carrion 
in the field, nor are they known to attack living sheep. It is possible 
that they feed on the carrion of native animals. 

Fuller, Mary, 1932.—The Larvae of the Australian Sheep Blowflies. 
Proceedings Linnean Society of N.SM., Ivii., pts. 1-2, pp. 77-91. 

This paper deals with the larval characters of twelve species of 
flies known to attack sheep, of w^hich five are primary blowflies (three 
species of Calliphora and two of lAiciUa\ four are secondary blowflies, 
and three are tertiary flies. The object of the paper is to set out clearly 
the morphological characters by means of which any blowfly maggot 
found on sheep can be at once accurately determined. The most 
reliable characters are to be found in the structure of the posterior 
spiracles and in the shape of the oral hooks, both of which are figured 
for all twelve species. 

WoMERsLEY, H., 1932.—Tasmanian Collembola of the Family Smin- 
thuridae. Royal Society of Tasmania: Papers and Proceedings, 
1931 (1932), pp. 1-11.’ 

The springtails of the family Sminthuridae include the notorious 
" lucerne flea,” Sminthurus viridis Linn., a very serious pest of clover 
and lucerne. Several introduced and native species are also injurious 
to various crops. The paper deals with the Sminthuridae so far known 
from Tasmania, and lists five introduced and two native species, both of 
which are described as new. The characters given will enable these 
different species to be clearly distinguished. 



PLATE 1 


(Preliminary Investigations on tln^ (hiltivation of Indigenous 
Salt bushes, &e. See page 152.) 
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Fic. 2 (right)—Excavated root \v^tem of a plant of Atriplex resiraroim twelve 

months old. 

















PLATE 2. 


(Invostigutioiis on Flag Smut of Wheat. 


See page 105.) 
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NOTES. 


The Rabbit and Dinsfo—Suggestions for Control by the Dissemination 

of Disease. 

From time to time, suggestions are put forward for the control of 
tlie rabbit pest in Australia by the dissemination of diseases. Similar 
suggestions have been made in regard to the dingo. Judging from the 
frequency with which these are made, the following brief discussion 
of the matter may be of interest. 

In the first place, such proposals are far from being of recent origin. 
As long ago as the year 1888, M. Pasteur suggested that perhaps 
chicken cholera might be useful as a means of controlling rabbits. In 
the year 1897, the New South Wales Government made an offer of 
£25,000 for a satisfactory scheme whereby rabbits could be controlled 
by the introduction of disease. Some hundreds of schemes were put 
forward, and in the following year the Government formed a Koyal 
Commission to consider them. The Commission summed up its 
conclusions as follows :— 

“ The Commission has found no evidence to warrant the belief 
that any known disease can be so employed as to exterminate 
rabbits.” 

The Council and its forerunner, the Institute of Science and 
Industry, have consulted various authorities in regard to the possibilities 
under discussion. For example, in 1927, the Council obtained advice 
from the late Sir Harry Allen, formerly Professor of Pathology in 
the University of Melbourne, and also Chairman of the above-mentioned 
New South Wales Royal Commission. On that occasion, he stated, 
inter alia :— 

1 am not hopeful concerning any scheme for destroying 
rabbits by infectious diseases. The evidence available tends 
to show that while there might be a large initial mortality, the 
disease would tend to die down like any other infectious disease, 
and a resistant strain of rabbits nr’ght easily be developed.” 

The difficulties of discovering satisfactory diseases are summed up in 
the following extracts from a communication the Council received 
from Colonel Max Henry, Chief Veterinary Surgeon of the New South 
Wales Department of Agriculture, whom it consulted in 1928:— 

The question of utilizing diseases as a means of eradicating 
animal pests has often been suggested and many times tried, but 
so far there is no instance on record in which a successful issue 
has been obtained. ... To be successfully employed in the 
eradication of noxious animals, a disease must successfully 
comply with certain criteria. In the first place, it must be a 
disease to which none of the domesticated animals or birds, or 
desirable wild anhnals or birds are susceptible; secondly, it 
must spread rapidly by direct and indirect contact; thirdly, it 
must not produce immunity. It will be readily recognized that 
it would be very difficult to pick out a disease which does not 
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fail in one or more of these points. . . . Even with so 
gregarious and numerous an animal as the rabbit, the problem 
of disease shows no encouraging prospects, and yet diseases are 
available for the work of a virulence not far below that of 
distemper.” 

The above comments were in response to an inquiry concerning the 
dingo—an animal of lonely habits, and thus even more difficult than 
the rabbit from the point of view of possible control by diseases. 

Before leaving the question of the rabbit, it will be well to remember 
that, in 1906 and 1907, l)r. Danyz came out to Australia and carried 
out an extensive series of investigations on the possibilities of a virus 
he had obtained from Europe. It was found, however, that the effect 
of this virus rapidly died out. Further information regarding this 
work is contained in Commonwealth Parliamentary Papers 128 and 
110 (1906), and 1, 138, and 147 (1907). 

In so far as the dingo is concerned, suggestions have been put 
forward from time to time that possibly the use of distemper might 
be worth while. In 1927, inquiries Avere made by the (Council regarding 
this suggestion. They indicated that eminent authorities such as Sir 
Charles Martin, formerly Director of the Lister Institute, and Chairman 
of the British Distemper Kesearch Committ(‘e, and Professor Buxton, 
of the Department of Animal Pathology, Cambridge, definitely con¬ 
demned the suggestion. They both considered that it Avould be almost 
impossible to start an epidemic, that even if started it would not secure 
the desired results, and that effective immunization of domestic dogs 
would be impracticable in Australia. The results of these inquiries 
were passed on to the recent Queensland Royal Commission on Rabbit, 
Dingo, and Stock Route Administration, and are quoted on page 130 
of that report (1930). In 1930, at the request of the Commission just 
mentioned, further inquiries were made by the Council from Sir Charles 
Martin in order to ascertain whether more recent information would 
lead him to modify the opinions previously expressed by him. He 
furnished a large amount of information giving experimental details 
of the investigations carried out by the British Distemper Research 
Committee, and stated that these did not in any way lead him to modify 
his previous views. In particular, he pointed out that, like influenza in 
man, distemper in dogs is very infectious at close range, but the 
mortality is not high unless associated with secondary infections; that 
it is easy to produce an epidemic amongst caged or domestic animals, 
but difficult when they are distributed over a wide range under natural 
conditions; that recovered dingoes would be permanently immune; and 
that the only way to start an epidemic would be to catch a large number 
of dingoes, inoculate them with a virus, and let them loose amongst their 
companions. 

In conclusion, it may be pointed out that the possibilities of con¬ 
trolling another animal—^namely, the flying fox—by means of diseases 
are discussed by F. N. Ratcliffe, B.A., in the Council’s Bulletin No. 53 
(pp. 60-66). Here again, however, the author reaches the opinion that 
the possibilities are not attractive. 
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The Blowfly Problem—Arrangemeiit re Testing of Proprietary Dressings. 

From time to time, those engaged on research work into the blowfly 
problems are approached by owners of proprietary sheep blowfly dress¬ 
ings with a view to tests of such dressings being initiated. 

In common with others, the Council has been approached on several 
occasions in the past. However, the Joint Blowfly Committee recently 
appointed to co-ordinate the work of the Council and of the New South 
Wales Department of Agriculture on the whole blowfly problem, has 
discussed the question of these tests. As a result, it has been arranged 
that in future all requests which the Council may receive for tests of 
proprietary specifics will be referred to the External Parasites in Sheep 
Sub-Committee of the N(‘w South Wales Department of Agriculture. 


Buffalo-Fly Problem-Report by Professor E. Handschin. 

Professor Handschin, of the University of Basle, and who for some 
time past has been located at the Veterinary Eesearch Institute, 
Buitenzorg, Java, where he has been engaged on an investigation of the 
buffalo-fly problem (see this Journal (3): 66, 1930; (4): 234, 1931), 
has recently completed his two years^ work, and has left Australia. 
Prior to his departure, he furnished the Council with a report, which 
it is proposed shortly to issue as one of the Councils pamphlets. 

The report itself contains an amount of information having a direct 
bearing on the Australian problem. In the first place, considerable 
attention was given to the search for parasites, as it was thought that 
one of the reasons for the fact that the buffalo-fly is not a pest in Java 
was due to the existence there of a variety of parasites much more 
effective than any parasites that existed in Australia. Professor 
Handschin finds, however, that, of all the different kinds of parasites 
discovered, species of Spalangia are the only ones which hold any 
promise of successful results. The Javanese species of Spalangia 
examined lives about 27 days, lays 160 to 170 eggs, each egg in a 
sej)arate puparium of a lly, and the life cycle occupies 18 to 21 days. 
Males emerge before females and come from eggs laid by virgin females. 
At Buitenzorg, the average parasitism of buffalo-fly puparia was about 
8 per cent., but records as high as 46 per cent, were obtained in mountain 
regions. The North Australian species of Spalangia differs from the 
Javanese form in living about fifteen days only, and in laying only 
about 85 eggs. It is correspondingly less effective than the Javanese 
form. The amount of parasitism of buffalo-fly puparia recorded for 
Australia ranges from about 1 to 6.8 per cent. 

Professor Handschin, however, has obtained some interesting results 
by crossing these two species, which action was taken with a view to 
evolving a more effective race. Using a special strain of Javanese 
male, which had been reared only on buffalo-fly puparia for several 
generations, it was found that the crossing of the Australian species 
with this insect caused the former to live up to 32 days instead of 15, 
and to produce 240 instead of 80 eggs. The reverse, however, that is 
crossing an Australian male with a Javanese female, caused the latter 
to live only ten days instead of seven, and to produce only 100 eggs 
instead of 180. 
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A supply of the above-mentioned effective cross of the Javanese 
male with the Australian female has been bred in Java, brought to 
Australia, and liberated at Burnside station, near Darwin. 

In addition to the above breeding work, Professor Handschin and 
his assistants also gave an amount of time to the study of the life history 
of the buffalo-fly itself. As a result, they have obtained a considerable 
amount of information regarding the effect of temperature and humidity 
on the life cycle of the insect. It has been found, for instance, that 
the lowest effective temperature in which the fly can reproduce itself 
indefinitely is 22° C. (about 72° F.). With information of this 
nature, taken into consideration with the meteorological data that is 
available for Australian localities, it would be possible to forecast with 
much more certainty than hitherto possible the localities into which the 
fly may ultimately spread. On the evidence he has brought back from 
Java, Professor nandscliin considers, for instance, that the buffalo-fly 
will not spread much further south than Eockhampton, Queensland. 
He regards it, in fact, as a ‘‘tropical animal.” On occasions, he 
considers it may advance as far south as Brisbane, or even further, 
but he does not consider that it will maintain itself in such localities, 
owing to the fact that for rather lengthy periods the average temperature 
goes below 72° F. 


Liberation of the Noogoora Burr Seed-Fly in Queensland. 

The Noogoora burr seed-fly (Enaresta aequalls) was introduced 
into Australia from North America under quarantine conditions about 
eighteen months ago. Tests with this insect have recently been com¬ 
pleted by the CounciPs Division of Economic Entomology in its 
quarantine insectaries at Canberra. The results have been entirely 
negative on all the economic plants tested, including cotton. -Permission 
having been granted by the Commonwealth Department of Health for 
the liberation of the fly in Queensland, arrangements were entered into 
with Mr. K. Veitch, Chief Entomologist, Department of Agriculture 
and Stock, Queensland, for the carrying out of the actual liberation by 
one of his officers. 

The area chosen was situated near Biloela, on the Callide Valley 
railway line, reached via Eockhampton. Noogoora burr grows densely 
in some parts of this area. ^ 

The first consignment of flies, consisting of 50 females and 50 males, 
was despatched from Canberra on Monday, 11th April. On arrival 
at Biloela, 32 females and 28 males were alive, and these were liberated 
on plants of the burr on 16th April. A further consignment, consisting 
of 58 females and 65 males, was despatched on 18th April. On arrival 
at Biloela, there were 43 females and 44 males surviving, and these 
were placed out in the same patch of burr as the previous consignment 
A third consignment, consisting of 100 females and 100 males was 
despatched to Biloela on 2nd May. ^ 

It is proposed to send future consignments to the Gatton district 
where arrangements for their liberation are being made. 
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Co-Operative Investigations into the Problems of the Cattle Industry 
of North Australia—Advisory Committee. 

In the previous issue (p. 133), reference was made to the proposed 
setting up of an Advisory Committee in connexion with the above 
investigations. The arrangements for the investigations themselves, 
and the objects of the work, were outlined on that occasion. 

Briefly, the Advisory Committee, which is representative of the 
co-operating interests, will advise the Council in regard to the conduct 
of the researches. The Committee itself has recently been established, 
and is composed of the following members:— 

Represeniaiives of the State Government :— 

E. Graham, Esq., Under-Secretary, Queensland Department 

of Agriculture and Stock. 

A. H. Cory, Esq., M.II.C.V.S., Chief Inspector of Stock. 

Representatives of the Graziers* Association :— 

F. M. Bell, Esq.; Norman Bourke, Esq.; D. M. Fraser, Esq.; 

B. C. Philp, Esq.; E. E. D. White, Esq.; and J. L. 

Wilson, Esq. 

Council of Agriculture :— 

J. L, Wilson, Esq. 

Council for Scientific and Industrial Research :— 

Professor II. C. Richards (Chairman of its Queensland State 

Committee) (ex-officio member). 


Black Disease of Sheep in France. 

Until comparatively recently, this disease, termed by Dr. A. W. 
Turner, of the Division of Animal Health, Council for Scientific and 
Industrial Research, as a result of his exhaustive research into its 
pathology, bacteriology, and means of prevention, infectious necrotic 
hepatitis of sheep, has not been recognized as existing in France. 

In the October, 1931, issue of Compt, Rend, de la Soc. de Biol, No. 
29, (Jarre, Rinjard, and Dehonera describe a disease of sheep under 
the name ‘‘ hepatite nodulaire necrosante du mouton ” (necrotic nodular 
hepatitis of the sheep). They have determined its existence in their 
flocks in three different parts of the country. They have always 
found the characteristic lesions as described by Turner,’’ the pathognomic 
lesions of the liver being each a centre of multiplication of B, oedema- 
liens and the diffusion of toxins.” . . . ‘‘Losses occur at irregular 

intervals, and may become important.” Among 148 ewes, which consti¬ 
tuted one flock, 20 died of the disease between Ist July and 29th 
September. In another flock of 150 ewes, in a different district, there 
were 51 deaths during July, August, and September. “ Our oWrva- 
tions are entirely comparable to those of Turner in Australia, where 
the malady is known as black disease.” In two of the outbreaks, the 
presence of the fluke (Dicrocoelium lanceatum) was determined, whereas 
that found in Australia is, of course, the Fasciola hepatica. 
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It is interesting to recall that black disease has also been proved to 
exist in Germany, as reported in a previous number of this Journal 
((4) : 191, 1931). It may be found, therefore, that this sheep malady, 
the complete elucidation of which has been due entirely to Australian 
workers, has a world-wide distribution. Indeed, it would be a matter 
of some surprise were it otherwise, seeing liver flukes are so widely 
spread, while the bacterial cause, B, oedemaiicns, has a universal 
distribution. 

J.A.G. 


Barium Compounds as Possible Wood Preservative. 

{Contributed by W, E, Cohen, B.Sc,, Division of Forest Products). 

The Division of Forest Products is anxious to find a substance which 
may be used for preserving timber used for internal work in dwellings 
and buildings. Such a material must necessarily be toxic or distasteful 
at least to termites (white ants) and borers, but, at the same time, it 
must not be sufficiently toxic to human beings to render it dangerous 
vrhen used in such positions, nor must it seriously discolour or alter 
the appearance of the timber in which it is used. Further, it must 
be sufficiently soluble in water to enable it to be impregnated into th(^ 
wood by a simple process. 

During the past year, with the co-operation of tlie Division of 
Economic Entomology, the Division has carried out a number of 
laboratory tests with this object in mind. Small tost sticks of Pinus 
radiata were impregnated with various concentrations ot* a number of 
materials, and these were submitted to termite colonies, held in captivity 
in screw-top jars stored in a room at a constant temperature. For each 
concentration of each substance under test, four sticks w(‘re impregnated. 
These four, together with two untieated sticks as controls, wen; placed 
in a jar containing active termites and soim* mound material.. After a 
period of 20 days, one each of the treated and untreated sticks was 
removed and the degree of attack observed. After another twenty 
days, another pair was removc'd and examined. From this point, the 
two remaining treated sticks were left in the jai with active termites 
for a further 80 days, making a total time of test of 120 days. If, at 
any time during tin; test, the t(*rmites died or became inactive, the 
sticks were removed to another jar containing active termites and mound 
material. During this series of tests, the termites were particularly 
virile, and only a few changes vvere necessary. At the end of c^ach 
test, the two remaining treated sticks were examined for the degree of 
attack. 

Although there are still a number of aspects concerning these 
laboratory termite colonies that need to be investigated, it is considered 
that the tests so far completed serve to indicate what might be expected 
of a material in regard to its distaste wdth respect to termites. 

A number of alkaline substances have been tested in the manner just 
described. These included sodium hydroxide, sodium silicate, sodium 
phosphate, borax, lime, and barium hydroxide. It is highly probable 
that the latter had changed to barium carbonate by the time the termite 
test was started. 
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Of all the above substances only barium hydroxide (or carbonate) 
])roved to be sufficiently distasteful to the termites to prevent attack on 
the sticks impregnated with it. At the end of tests, sticks estimated 
to contain a little less than 1 lb. of barium hydroxide per cubic foot 
of wood were found to have been nibbled in a few places only, whereas 
the corresponding untreated sticks had been badly attacked as early as 
twenty days from the commencement of the test. Evidently, after 
the removal of the untreated sticks, the termites had investigated other 
sources of food and had nibbled at the treated sticks, only to find them 
iinsuited to their taste. 

It would be rather premature, and possibly unwise, to draw any 
definite conclusions from one such test as described above. However, 
it is considered that the results obtained from using barium hydroxide, 
as compared with those from using the other materials listed above, 
warrant further investigation, both of barium hydroxide and of other 
wat(^r-soluble barium compounds. It is, therefore, proposed to conduct 
further laboratory experiments, and also to test larger sticks, suitably 
impregnated, by placing them under service conditions in termite- 
infested areas. 

As a wood preservative, barium hydroxide would, in many ways, be 
a very suitable material. For instance, the readiness with which it 
changes to the sparingly-soluble carbonate would enhance its usefulness 
in exposed positions as well as for internal purposes, although the same 
property would lead to complications in the actual impregnation process. 
During th<; work mentioned above, it was observed that the material 
had little or no effect on the appearance of the wood, and, in this regard, 
it Avould be very suitable for timber in which appearance is all-important. 

From the results already obtained, it would appear that the barium 
is the influencing factor. Therefore, for use in protected positions, 
such as inside of dwellings and buildings, the more soluble barium 
compounds could more conveniently be employed. It is proposed to 
test these along with the hydroxide in the experimeiits which are now 
lK*ing undertaken. 


A Card Index of Fungi recorded in Australia. 

In 1S95, a systematic arrangement of Australian fungi was published 
by J). McAlpine, and until the prevsent time this has been the only 
record of its kind available to plant pathologists. To remedy this, the 
(^ouncil, on Mr. (h C. Brittlebank’s I’etiremcnt from his post as Biologist 
to the Victorian Department of Agriculture, commissioned him to 
compile a complete catalogue embracing all the records available in 
mycological literature to date of fungi occurring in Australia, together 
with a list of their host plants. Building on the records which he had 
already collected while an officer of the Department of Agriculture, he 
commenced his card index early in 1929. By June, 1931, he had 
consulted all references cited in appropriate literature and in unpublished 
records which were made available to him by the State Departments 
of Agriculture. As a result, he has indexed 6,078 fungi that have been 
recorded as occurring in Australia, including both parasitic and sapro¬ 
phytic species. A separate card was used for every species, and 
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appropriate cross-references were written wherever necessary. Each 
card records not only the name of the fungus and its syiiononiy, but 
also its host; and, in addition to stating where the first authentic 
record of its occurrence in Australia was published, gives also the other 
more important references in literature to it. Ajs well as the fungi, the 
catalogue lists pathogenic bacteria and injuries to trees and plants 
caused by other agencies, such as malnutrition, gas, smoke, lichens, &c. 
A separate host index arranged alphabetically lists all fungi that have 
been recorded for each host. 

Mr. Brittlebank^s work is located at Canberra with the Division of 
Plant Industry, and is being kept up to date by the staff of that Division. 
It provides research workers, and all those interested in the field of 
plant pathology, with the means of knowing if an organism or a disease 
has previously been found in Australia, by whom and where^ and all the 
relevant facts in regard to it. The experience of the compiler, and his 
world-wide recognition as an Australian mycologist, combined with 
his imdoubted gift for caligraphy, make his plant disease survey of 
outstanding value in the field which it covers. 

As the completion of the catalogue to (Sate is not widely known, it 
is hoped that this brief account will bring recognition of its potentiali¬ 
ties to workers to whom it will be of benefit. Although at present 
housed at Canberra, and only in card form, it can be consulted freely 
by accredited research workers. 

Dr. B. T. Dickson, Chief of the CounciFs Division of Plant Industry, 
is, as time allows, preparing the material of the catalogue for publica¬ 
tion, but it is obvious that an early issue is not possible. Meanwhile, 
mycologists and plant pathologists are requested to co-operate by 
forwarding to Dr. Dickson records of the occurrence of new organisms 
or diseases, new records of known organisms or diseases, and facts 
bearing on the incidental conditions and resultant losses. 


Rabbits and a Sodium Deficiency. 

An international scheme for testing the value of a number of sub¬ 
stances as wood preservatives was begun some years ago by the Forest 
Products Laboratory, Madison, TJ.S.A. Matched samples of softwood 
treated in various ways, together with untreated controls, are placed in 
the ground in termite-infested areas in several countries. 

The Australian samples are located at Canberra and are periodically 
inspected by officers of the Divisions of Economic Entomology and 
Forest Products. During the course of the inspections, it was found 
that certain of the samples were badly eaten above ground by some 
animal obviously not a termite. In some cases, the whole of the speci¬ 
men above the ground line had disappeared. Observation showed that 
the attack was due to rabbits and that the only specimens affected were 
those containing a sodium salt. 

It is evident that the rabbits are suffering from a deficiency in sodium 
and that they are able to select the timber which contains this element. 
It has been foUnd necessary to wire the specimens to protect them from 
the rabbits. 
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The photograph (below) shows: A, a specimen attacked below the 
ground line by termites, but sound above the ground. This contained no 
sodium salts. B and C both contained sodium salts. The former was 
eaten to the ground line and the latter only partly destroyed. C also 
shows the method now used to prevent rabbit attack. 



Possibly if rabbits were supplied with a salt lick in young planta¬ 
tions, they might be induced not to destroy so many young seedlings. 
The loss by this in forest plantations is frequently severe. It would be 
of great interest and considerable practical value if it could be deter¬ 
mined what essential food element the rabbits obtain from the seedlings. 
If this could be done, it would indicate a method of prevention which 
would be well worth a trial. 


Recent Publications of the Council. 

Since the last issue of the Journal, the following Bulletins and 
Pamphlets of the Council have been published:— 

Bulletin No, 61.—Studies in the Supplementary Feeding of Merino 
Sheep for Wool Production.—1.,^’ by Iledley R. Marston. 

This Bulletin gives the results of an experiment which was carried 
out at Meteor Downs,’’ Central Queensland, to determine the response 
in the wool growth by the merino sheep when the natural pasture, which 
during many months is deficient in protein, is supplemented by a 
protein-rich concentrate. The concentrate chosen was blood-meal, a 
slaughter-house by-product containing 80-85 per cent, protein, and 
approximately 2.7 per cent, cystine. In each of two years, it was 
found that the wool clip was increased by approximately 30 per cent., 
together with a corresponding improvement in bodily condition of the 
sheep. 
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Bulletin No, 62.—“ A Soil Survey of the Cadell Irrigation Area and 
Hew Era, South AuwStralia/^ by T. J. Marshall, B.Sc.Agr., and 
H. J. King, A.A.C.I. 

As a result of the work i*eported in this Bulletin, four new soil types 
of Eiver Murray irrigated soils have been defined. The salting problem 
at Cadell is also discussed. 

Bulletin No, 63.—Eadio Eesearch Board: Eeport Ho. 4.’’ 1. A Pre¬ 

liminary Investigation of Fading in Hew South Wales, by A. L. 
Green, M.Sc., and W. G. Baker, B.E., B.Sc. 2. Studies of 
Fading in Victoria: A Preliminary Study of Fading on Medium 
Wave-lengths at Short Distances, by E. O. Cherry, M.Sc., and 
1). F. Martyn, Ph.I)., A.K.C.Sc. 3. Studies of Fading in Vic¬ 
toria : Observations on Distant Stations in which no Ground 
Wave is Eeceived, by E. O. (Jherry, M.Sc. 

In a country such as Australia, with its sparse population, its towns 
and cities separated by large distances, and its large areas to be covered 
hy but few broadcast stations, a study of the fading of radio emissions 
is obviously of importance. The Bulletin reports th(‘ results obtained 
al various distances from several transmitters. The three different 
types of fading obtained at comparatively short distanc(*s (65-200 km.' 
from the transmitters) and the two forms obtained at long(*r distances 
(590-870 km.) are described, and their probable causes discussed. 

Bulletin No, 64.- The Ripening and Transport of Bananas in Aus¬ 
tralia,’’ by W. J. Young, D.Sc., L. S. Bagster, ]).Sc., E. W. 
Hicks, B.A., B.Sc., and F. E. Huelin, B.Sc.; and in part by 
E. A. Holloway, B.Sc., B.E., and O. P. Barr, B.E., of the Hew 
South Wales Government Railways. 

Tlic methods of handling, packing, transporting, and ripening 
bananas at present employed in Australia are briefly described. It 
lias been found impossible to rijien Queensland Cavendish bananas 
entirely satisfactorily unless some trace of some accelerating agent such 
as ethylene is present in the atmosphere of the ripening.rooms. The 
conditions for the ripening of Queensland bananas have been fully 
investigated in Brisbane and Melbourne, and recommendations are made 
for commercial ripening under both summer and winter conditions. In 
addition, conditions under which green or partially ripened bananas 
may be stored for short periods have been investigated. 

Pamphlet No, 27.—The Possibilities of the Zebu Cross in Connexion 
with the Cattle Industry of Horth Australia,” by E. B. Kelley, 
B.V.Sc. 

The Pamphlet contains information gathered by the author while 
on a visit to the United States of America, and particularly Texas 
(where Zebu blood is used on a large scale in ranching operations), 
and to Great Britain. The main conclusion of the report is that, were 
the work adequately controlled, nothing but good would result from an 
introduction of Zebu blood into Australian tropical localities proved to 
be unsuited for British-bred cattle. Further, it is suggested that no 
country in the world has a greater inducement to verify experimentally 
the conclusions drawn by the author and other investigators. 

Pamphlet No, 28.—The Pig Industry: Report on Observations in 
Great Britain and America, with Suggestions Applicable to 
Australia,” by E. B. Kelley, B.V.Sc. 
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The Pamphlet consists of a report of the author made after a visit 
to the United States and Great Britain. One of the main conclusions is 
that, in the production of pigs suitable for export, attention should he 
given to type, and not necessarily to breed, and due attention must also 
be given to the world-wide demand for lighter and leaner joints, be 
they from pigs, cattle, or sheep. The feeding of pigs for export is 
also discussed at some length, largely from the points of view of the 
nutritive ratios of food materials readily available in Australia, and 
of the balancing of diets. 

Pamphlet No. 29.—“ The Possibility of the Entomological Control of 
St. John’s Wort in Australia—Progress Report,^’ by G. A. Currie, 
B.Sc., B.Agr.Sc., and S. Garthside, M.Sc. 

The Pamphlet is in the form of a progress report on the inquiries 
of the Council’s Division of Economic Entomology into the possibility 
of controlling St. John’s wort by insects. Special attention is being given 
in that work to three species of Ghrysomela, to Lathromjmpha hyperi- 
caiia, to one or two gall midges, and to Aphis chloris. 

Pamphlet No. JO.—“ The Bionomics and Economic Importance of 
Thrips Imaginis (Bagnall), with special Reference to its Effect 
on Apple Production in Australia,” by J. W. Evans, M.A. 

The Pamphlet consists of a progress report on the present co-opera¬ 
tive investigations which the Division of Economic Entomology is 
carrying out in co-operation with the Waite Agricultural Research 
Institute and the Departments of Agriculture in the southern States. 
As well as giving information concerning the life history of the insect 
in question, the inflinmce of meteorological conditions, the possibilities 
of forecasting ‘‘plagues,” and the possibilities of minimizing the effects 
of the pest by cultural operations are discussed. 


Forthcoming Publications of the Council. 

Bulletin No. .—“ The Sheep Blowfly Pest in Australia—Report of 
the Joint Blowfly Committee appointed by the Council for 
Scientific and Industrial Research and the New South Wales 
Department of Agriculture.” 

Bulletin No. . —“ The Influence of Growth Stage and Frequency of 

Cutting on the Yield and Composition of a Perennial Grass— 
Phalaris tuberosa/' by A. E. V. Richardson, M.A., D.Sc., H. V. 
Trumble, M.Agr.Sc., and R. E. Shapter A.A.C.I. 

Bulletin No, , —Downy Mildew (Blue Mould) of Tobacco in Aus¬ 

tralia,” by II. R. Angell, B.Agr.Sc., Ph.D., and A. V. Hill, 
B.Sc.Agr. 

Bulletin No, , —“ Methods for the Identification of the Coloured 

Woods of the genus Eucalyptus, with a Tentative Key for their 
Identification,” by H. E. Dadswell, M.Sc., and Maisie Burnell, 
B.Sc. 

Bulletin No. .—“A Soil Survey of King Island,” by C. G. Stephens, 

M.Sc., and J. S. Hosking, B.Sc. 
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Bulletin No, .—Radio Research Board: Report No. 6.—^Atmo¬ 

spherics in Australia,” by G. H. Munro, M.Sc., A.A.I.M.E., aud 
L. G. Huxley, M.A., D.Phil. 

Pamphlet No, ,—The Collembola of Australia,” by H. Womersley. 

Pamphlet No, ,—Enzootic Haematuria (Haematuria Vesicalis) of 
Cattle in South Australia,” by L. B. Bull, D.V.Sc., C. G. Dickin¬ 
son, B.V.Sc., and A. T. Dann, M.Sc. 

Pamphlet No. .—Investigations on the Buffalo-fly (Lyperosia exigua 
de Meij.), and its Parasites in Java and North Australia—Pre¬ 
liminary Report,, by Professor E. Handschin.” 


Book Review. 

Growth and Development of Mutton Qualities in the Sheep: A Survey 
of the Problems Involved in Moat Production,” by John 
Hammond, M.A., of the Institute of Animal Nutrition, Univer¬ 
sity of Cambridge, with a section in conjunction with A. B. 
Appleton, M.A., M.B. Pp. xiii + 597. Illustrations, 208. 
(Edinburgh: Oliver and Boyd. 1932.) 

The author is a well-known and recognized authority on the genetics 
of domesticated animals. For both the geneticist and the stock breeder 
in general the work is of the utmost importance, although it concerns 
itself mainly with the mutton qualities of sheep. The investigations 
have been conducted over a period of twenty years, and were designed 
to throw light on the biological problems involved in animal breeding 
in general and in meat production in particular,” and much light has 
been thrown. The problem has been approached by observations on the 
meat, and by working backwards to find out the conditions or factors 
Avhich affect its conformation. 

A careful study has been made of the factors influencing the rate 
of growth of individuals, and the composition of the growth at different 
periods, the former being what directly concerns the farmer, the latter 
the butcher, but the combining of which should be the aim of the live¬ 
stock improver. 

The treatise is divided into five parts: I. The rate of growth in 
live weight in a flock of Suffolk sheep. IT. The carcass percentage, and 
tlie relative development of the different o^ans of the body. III. Varia¬ 
tions in the rate of development of different parts of the skeleton. 
IV. Variations in the proportions of muscle, fat, and bone in the 
carcass. V. (in conjunction with Dr. Appleton) A study of the leg 
of mutton—tb(* anatomy of which is dealt with minutely. 

Space forbids any attempt at a resume of the numerous observations 
and deductions. No criticism can be other than commendatory. The 
authors, and the publishers of the l>ook, which is one of a series of 
Biological Monographs and Manuals issued by Messrs. Oliver and 
Boyd, and edited by Drs. Crew of Edinburgh, and Ward Cutler of 
Rothamsted, are to be congratulated. The book should form an 
important addition to the libraries of all Universities, Agricultural 
Departments, and Agricultural Societies. J A C 
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Citrus Preservation Committee- Progress Report 
(October, 1932.) 

In the Journal of the Council for Scientific and Industrial Research 
(1: 307, 1928,) an account was given of the formation of the Citrus 
Preservation Committee, and of its objects, fhe necessity at the time 
for the research work then proposed was summarized in general terms 
in the opening paragraph as follows:— 

“ For some time past, those connected with production of citrus 
fruit in Australia have felt that the industry could be expanded 
considerably if a means could be discovered whereby the fruit 
(M)uld be made available the whole year round, and whereby its 
condition could be maintained for a sufficiently long period tc 
render its export to other countries possibh^.’^ 

As previously stated, the Committee is representative of the following 
organizations:— 

The Council for Scientific and Industrial Kesearch; 

The Victorian Department of Agriculture; 

Tlie Victorian Central Citrus Association; 

The Victorian Railways. 

A full account of the technique adopted was published in 1930 (this 
Journal 3: 69, 1930), and progress reports have been issued from time 
to time on the various aspects of the work (this Journal 4: 96, 1931. 
Jour, Dept. Agr, Viet. 29: 590, 1931). 

One of the main investigations has been the study of the effects of 
treatment of oranges with preservative solutions, notably borax (5 per 
cent.), and sodium bicarbonate (2.5 per cent, and 5 per cent.)., and the 
subsequent coating of the fruit with a film of paraffin wax. Other 
solutions have also been employed, including sodium sulphite, salicylic 
acid, and benzoic acid, but as these have had no definite effect, it is not 
considered necessary to discuss the results obtained by their use. 

The experiments have now extended over four years, in each of which 
both Navel and Valencia oranges have been treated; and it is considered 
that a stage has been reached at which it is possible to come to a decision 
as to the benefits to be derived from such treatment. 

Whilst in the first two years these tests were carried out with fruit 
from the Mildura district, oranges from other irrigation areas, such as 
Berri, Muri: 4 bit, Perricoota, Lake Kangaroo, and the Murrumbidgee 
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area, have been studied during the last two seasons, but no striking 
differences have been disclosed in the storage properties of fruit from 
these different districts. 

The main object of the present commuiiieatiou is to give the general 
conclusions reached by the Committee as the result of this work, prin¬ 
cipally for the benefit of those sheds which may be contemplating the 
installation of washing and spraying plants. 

Handlmg and Paching. 

The experiments have confirmed the opinion that the advantages to 
be gained by handling all fruit carefully are considerable. Particular 
attention to shed hygiene, such as keeping all machinery with which the 
oranges may come in contact clean, and keeping the sheds free from 
dirt and old decaying fruit, is also strongly advocated. Packing too 
tightly is a consistent cause of damage to oranges, and in particular 
high packing and the consequent excessive bulge, with its unavoidable 
injury during lidding, are strongly deprecated. 

Unpacked, loosely-filled cases of fruit show better keeping qualities 
in cold store than fruit wrapped and packed prior to storage. 

In the experiments witli Navel oranges, no advantage has been gained 
by the use of grease-proof or waxed papers in place of the cheaper and 
more easily handled sulphite tissue. 

Washing. 

Washing with 5 per cent, borax solutions or with either 2.5 per cent. 
01 5 per cent, sodium carbonate solutions has not shown, over the four 
seasons, that it definitely prolongs the life of Navel oranges in cool 
storage. 

In almost all the experiments conducted by the Committee, the fruit 
was packed loosely into eases and railed to Melbourne, where it was 
treated and then packed in the commercial way. Under such conditions, 
the incidence of blue and green moulds, during the period that the fruit 
remains otherwise sound and palatable, was so small, even in the 
untreated controls, that no opjiortunity for material reduction in wast¬ 
age from this cause has been offered. 

In a number of cases, the incidence of mould has been reduced by 
the solutions at a late stage in the storage life of the fruit; but only at 
times when the fruit, due to the length of the storage period, had begun 
to collapse, lose its flavour, and become presumably more susceptible 
to mould attack. As the fruit at such times had no commercial value, 
because of its unpalatability, the protection from moulds was valueless. 
The solutions have no preservative effect, apart from their suggested 
influence, on mould attack. 

With Valencia oranges, washing with borax had a definite effect in 
reducing the incidence of Alternaria (stem end rot), the chief cause of 
wastage after two or three months’ storage. Sodium bicarbonate, on 
the other hand, has shown no consistent result in this direction. For 
Valencias, therefore, borax is to be preferred to sodium bicarbonate. 

The washing treatment certainly improved the appearance of the 
fruit, especially when it was dirty; but it is improbable that the instal¬ 
lation of washing apparatus could be justified on this ground, except 
when a large percentage of the fruit of a district was dirty. 
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Spraying with Paraffin, 

With Navel oranges, no advantages have been observed—other than 
an improved appearance—^wheii the fruit has been coated with paraffin 
wax subsequent to the washing treatment. When applied very lightly, 
no deleterious effect was observed, but heavier sprays actually shortened 
the life of the fruit. There is, therefore, a definite danger in the use of 
paraffin. 

With Valencia oranges, no premature collapse of the fruit has been 
induced in any of the experiments by the paraffin spray. On the con- 
trary, paraffin has usually lowered the amount of skin browning of 
Valencias, and further experiments upon this aspect are contemplated. 
Spraying with paraffin had almost as beneficial an effect in reducing 
stem end rot as had borax, the most effective treatment being a combina¬ 
tion of washing with borax and spraying with paraffin subsequently. 

As, however, the experimental Valencias when carefully handled 
were kept in good commercial condition without treatment for three 
months, and it was only at this stage that wastage due to AUernaria 
began to appear, the advantages of the treatment from a preservative 
point of view were confined to fruit stored for periods longer than, say, 
three months. It does not appear likely that, in practice, any consider¬ 
able percentage of the Valencia crop of any district will be cool-stored 
for periods longer than this; and it is therefore improbable that the 
advantages to be gained justify the installation of the necessary 
apparatus. 

Dirty oranges, however, both Navel and Valencia, are considerably 
improved in appearance by the treatment. 

Temperature of Storage. 

Taken over the four years, 38° Fahr. has been found to be the most 
satisfactory temperature for storage for both Navel and Valencia 
oranges. There have been indications, however, that storage at 45° 
Fahr. under conditions not yet determined may be superior for Navels, 
and experiments are in progress at the present time upon these 
conditions. Temperatures below 38° Fahr. appear to be quite 
undesirable. 

Sweating. 

From the limited experiments hitherto conducted by the Committee 
upon the sweating ” of oranges prior to packing, no definite results 
have been obtained. Work by Tindale and Fish of the Victorian 
Department of Agriculture, however {Jour. Dept Agric. Viet. 29: 103^ 
1931), has shown the possibilities of sweating at high temperatures in 
controlled atmospheres; and the Committee, having erected a special 
chamber in which temperature and humidity can be controlled, is 
collaborating with these workers. Experiments are at present in 
progress. 

Commercial Storage Life. 

The Committee would not advise the cool storage of Navel oranges 

periods longer than five weeks. After this length of time, a very 

\ed deterioration of the appearance of the rind, and of the flavour 



204 


of the juice—usually referred to by the Committee as “ collapse —is 
liable to occur quite suddenly, and cause very serious loss. It is true 
that odd lots of Navels of exceptional keeping quality have been known 
to last in cool store for much longer perio<l8 than five weeks; but it is 
not considered that these are in any way typical of the bulk of our 
Navel crop. 

From the export point of view, we would appear to be limited to 
ports not more than three w’eeks’ steaming distance away. Under 
present conditions, export furtlier afield would appear to be distinctly 
hazardous. 

The Valencia orange has a much longer life in cool store than tlie 
Navel. With reasonable care, it can be kept approximately three 
months in store without prohibitive loss; and the onset of wastage is not 
sudden but rather progressive. 

The export of Valencia orang<‘s, should it become necessary, would 
present no serious difficulty. 

Variations in Koeping Quality flue to Season and District, 

Although no precise data on this aspect have been secured, it is 
possible, as the result of the four years’ experience, to come to the 
general conclusion that keeping quality does vary somewhat from year 
to year, and that the most important factor appears to be the rainfall 
in autumn and winter. 1920, a dry year, was a good keeping year; 
1931, a very wet year, was a very poor one—from the traders point of 
view it w’as frequently disastrous. 

No marked differences between the storage properties of fruit from 
the various districts studied have beeti disclosed. This is perhaps to 
be expected, since they are all irrigated areas with a rather limited 
rainfall, viz., Mildura (including Merbein and Irymple), Curlwaa, 
Berri, Lake Kangaroo, Murrabit, Perricoota and Griffith, Nevertheless, 
the soil types vary widely from the very light red soils-, such as Mildura 
and Perricoota, to the very heavy black soil of Murrabit. Climate is 
apparently more important than soil type. Thus, in experiments con¬ 
ducted by the New South Wales Department of Agriculture on fruit 
from the high rainfall, non-irrigated citrus areas north of Sydney, 
wastage—especially the loss from mould attack—is shown to be very 
much higher than has been experienced in the irrigated, dry-climate 
fruit studied by the Committee. 

It is interesting to note that washing with borax in New South 
Wales has been found to reduce significantly mould infection on this 
apparently rather susceptible fruit. The type of fruit used by this 
Committee, on the other hand, appears to possess, when handled care¬ 
fully, a much higher natural resistance to mould attack. Under such 
conditions, practically no further improvement can be brought about 
by the use of borax. 
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Fly Strike of Sheep: A Natural Phenomenon. 

By F, G. Holdaway, M.Sc., Ph,D* 

At the present time, there is in the press a conipreheiisive report 
dealing with all aspects of the blowfly problem in Australia. Tlie 
report itself has been prepared under the aegis of the Joint Blowfly 
Committee of the Council and of the N.S.W. Department of Agriculture. 

It discusses all aspects of the problem such as biological control, 
dipping, swabbing, jetting, trapping, breeding for resistance, &c., and 
will be issued as soon as possible (at a price of about Is. fld. per copy) 
as a joint publication of the two above-mentioned bodies. In the 
meantime the Joint Blowfly C’oinniittee has recommended that the 
following article by Dr. Holdaway dealing with one aspect of the 
blowfly problem lie published.— [Ed.] 

SumifnaTy, 

The theories \Nhich have been advanced in connexion with the fly problem 
in Australia are summarized and discussed briefly. A distinction is drawn 
between theories on what strike is and theories on the development of the fly 
problem in Australia. 

Evidence regarding the attraction of blowflies, the oviposition responses of 
the female flies, the development of the larvae, and the succession of flies in 
carcasses and on living sheep is cited in support of the contention that bacterial 
activity in wool is a forerunner to strike in much the same way as bacterial 
activity on the skin and in the hair of dead mammals is a forerunner to 
attraction of flies and development of larvae thereon. 

This <*ontcntion is supported by our observations on strike in the field and 
l)y tJie experiments of (J. R. Mulhearn and M. J. Mackerras. Johnston’s theory 
iJiat strike is associated with bacterial activity in the wool is thus considered 
to be j»ro\e<l, and Kroggatt’s theory that blowflies liad tdianged their habits is 
considered unnecessary. 

A study of conditions in the wool w’hich fa\our or inhibit bacterial activity 
tlius liecomc!; an important aspect of tlie study of tlie blowfly problem. 

I. Introduction. 

When ill Europe from 1928 to 1930, the writer made a general 
study of the facts available concerning the sheep blowfly problem. It 
was lioped thereby to open up additional lines of investigation which 
miglit prove of value in Australia. As a result of this study, the 
conclusion was reached that a satisfactory understanding of fly-strike 
in sheep was intimately connected with a knowledge of conditions 
favouring bacterial growth in the fleece. 

In May, 1931, after the writer^s return, an excellent opportunity for 
studying strike arose in the Riverina districts of New South Wales. 
The observations, made with Mr. C. R. Mulhearn, were concerned espe¬ 
cially with body strike,” or fly attack on the body in places other than 
the breech, prepuce, and head. They were made concurrently with, 
though quite independently of, observations made by Dr. H. R. Seddon 
and his co-workers, and have given an opportunity for resuming the 
studies begun in Great Britain and for utilizing the information 
secured there. Further, they have shown that the conclusion reached 
earlier regarding the association of fly strike with bacterial activity 
in the wool was justified, and they have demonstrated in a striking way 
the importance of the bacteriology and the bio-chemistry of the fleece 
in relation to the fly problem. 


C.11443.—2 


* An officer of the Division of Economic Entomology. 
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During the early stages of the inquiries in Great Britain, I had the 
benefit of the advice of several workers, of whom I wish to mention, 
especially Dr. W. R. Thompson, Imperial Institute of Entomology, 
Farnham Royal; Dr. J. W, Munro, Imptudal College of Science, 
London; Dr. Golding, Imperial Institute, London; Dr. S. G. Barker 
and staff, British Wool Industries Research Association, Torridon,’^ 
Headingley-lane, Leeds; and Dr. J. B. Orr, ItK)wett Institute, Aberde(ui. 
In preparing the present paper and those which may follow, benefit has 
been derived from discussions with members of the Joint Blowfly Com¬ 
mittee and my colleagues in the Blowfly Section of the Division of 
Economic Entomology. I am also indebted to members of the staff, 
particularly Mr. C. R. Mulhearn, Dr. M. J. Mackerras, and Miss Mary 
Fuller, for making available results of unpublished work. Observations 
on sheep in the field were possible through facilities readily provided by 
a number of pastoralists; their assistance is gratefully acknowledged. 


2. Theories of Blowfly Strike. 

Several explanations have been advanced to account for the develop¬ 
ment of the sheep blowfly problem in Australia. They are:— 

1. Froggatt’s theory of the change in habit of the native blowflies 

(13) 1904, (14) 1915. This theory was accepted in a 
slightly modified form by the New South Wales External 
Parasites of Sheep Committee (8) 1928. 

2. Johnston’s contention that gravid female blowfli(\s were 

attracted to sheep and induced to oviposit on them as a 
result of bacterial activity in the soiled wool (19) 1923. 

3. The contention advanced by Mackerras that the spread of the 

problem followed the spread of the European fly, LuciJia 
sericata Meig. (1) 1930. This theory has been adopted 
recently by Roberts (23) 1931. 

4. The contention of Seddon, Belschner, and Mulhearn that fly 

attack became serious following the introduction of the 
wrinkly Vermont sheep (25) 1931. 

In order to explain the development of the fly problem in Australia, 
it is necessary to understand (i) what fly-strike is, and (ii) how and 
why fly-strike developed in Australia. 

Froggatt’s theory was an attempt to explain both these phenomena. 
Johnston attempted to explain what fly-strike was. Mackerras, and 
Seddon, Belschner, and Mulhearn, were concerned with the development 
of the problem in Australia and not with the explanation of fly-strike 
in general. 

In the present article, information available is used to answer the 
first of the questions given above, i.e., to explain what is involved in fly 
attack of sheep. It will be shown that Johnston’s suggestion is sound, 
and Froggatt’s assumption that the flies had changed their habits is 
unnecessary. In another article it is proposed to consider the theories 
of strike in greater detail, and to advance a new hypothesis on the origin 
of fly attack in Australia. 
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3. Ovipositiofi by Blowflies on Dead Mammals. 

Adhesion to the theory suggested by Froggatt that the flies had 
•(•haTiged their habits* from ovipositing in /carrion to ovipositing in the 
wool of living sheep is still fairly widespread and has found its way into 
the literature of other countries (22). It is perhaps natural that, in 
the absence of evidence to the contrary, such a theory should have 
been retained, for until Seddon’s (26) recent publication describing fly 
attack on water rot” of wool, Johnston’s paper is the only publication 
which would be likely to dispel th<‘ idea. 

The picture created by the word carrion is that of a mass of putre¬ 
fying animal matter. As regards the main portion of the larval life 
of blowflies, such a conception is correct. But oviposit ion and early 
larval life occur in animals recently dead (Iloldaway (17)). Further, 
although in dead mammals oviposition takes place in the moist openings 
of the body—the eyes, nose, mouth, and anus—a considerable amount 
of oviposition takes place also in the hair (Foreman and Graham- 
Smith (10)). 

Experiments on rabbit carcasses which the writer made in France 
showed that oviposition by the European sheep blowflies, Lucilia sericata 
and Calliphora erythrocephala, is mainly in the fur. The rabbits were 
killed so that no blood was spilt, and the bodies were laid on the 
surface of the ground. Oviposition occurred, especially in the fur 
which was moist through contact with the ground, and the young 
blowfly larvae passed their early life, at least up to the beginning of 
the second instar, on the surface of the skin. Observations which the 
writer has made recently on dead sheep also show that, during the first 
few days after death, there is a considerabh^ amount of oviposition in 
the wool. 

Without consid(*ring for the moment the physiology of oviposition 
and larval nutrition, the fact that, in carcasses of mammals, oviposition 
occurs in the hair (or wool) and early larval development takes place 
in the hair and on the skin, while in strike oviposition is in the fleece 
and larval development takes place in the fleece and on tin* skin, suggests 
that fly strike in sheep is a natural pluniomenon comparable to fly 
development on the carcasses of mammals. 

4. Attraction and Oviposition of Blowflies. 

Observations and experiments by many workers have demonstrated 
that the odours which attract adult saprophagous flies, particularly the 
gravid females, are products of fermentation or putrefaction. It is still 
unknown Avhether, for any species of fly, the attraction is the result of 
a specific odour or a combination of odours, but it is known that the 
activity of certain micro-organisms is responsible for the production of 
substances which attract the flies. The experiments of Foreman and 
Graham-Smith showed that prevention of such microbial activity on 
dead bodies by sterilization resulted in blowflies not being attracted to 
the bodies. It was not merely that blowflies were repelled by the creosote 
used, as carcasses treated with creosote all over, with the deliberate 
exception of small areas, had eggs laid on the untreated portions. 

In general, oviposition by blowflies takes place on a medium suitable 
for the development of the larvae. However, it has been shown ^peri- 
mentally by Cousin (4), (5), (6), with Imcilia sericata Meig., and by 

* Although Froggatt used the words ** changed their habits/' what he undoubtedly meant was 
that they had taken on a new habit in addition to those which they already possessea. 
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M. J. Mackerras with L, sericata and Achaetandrus rufifacies Macq."' 
that blowflies will lay their eggs on any medium which can provide the 
stimuli necessary for the oviposition reflex regardless of whether the 
medium is suitable for larval development or not. For example, flies 
sometimes lay their eggs on fruits, blankets, saddle cloths, and non- 
susceptible sheep on which the larvae cannot develop. When, there¬ 
fore, blowfly larvae develop in nature, we have an association of two 
distinct phenomena, namely, (i) suitability of the medium for stimulat¬ 
ing oviposition, and (ii) suitability of the medium for development of 
the larvae. This distinction is fundamental in the study of suscepti¬ 
bility to strike, for it indicates the necessity for determining not merely 
whether the sheep are attractive to the fly but more particularly whether 
conditions in the wool are suitable for larval development. 

5. The Normal Development of Blowfly Larvae. 

Soon after the death of an animal, the epidermis desquamates. 
Further, in the early stages of putrefaction there is pronounced bacterial 
activity on the skin. The larvae which developed from eggs laid on 
the rabbits mentioned above, passed the early portion of their lives 
feeding on the surface of the skin. 

The larvae of saprophagous insects live in general in association with 
micro-organisms which partially digest their food (t3), (15), (20), 
(28). However, cases of successful attempts to rear normal saproj)- 
hagous larvae on a sterile medium are on record (2), (16), (30), (31). 
Frew (11), who also succeeded in rearing blowfly larvae aseptically, 
considered that their growth was not quite normal. Uvarov (28) sums 
up the evidence as follows:—The absolute necessity of bacteria for the 
nutrition of the larvae is, therefore, doubtful, but this hardly affects the 
fact that normally the larvae develop on a substratum already liquefied 
by bacteria.’’ Further, Hobson (15) says with regard to Lucilia seri¬ 
cata :—‘‘Under favourable conditions the activities of bacteria will 
supply the larvae with partly-digested food. . . . In the absence 

of liquid food, the cells (of the mid-gut) will become free from fat and 
secrete more actively thus securing an increased liquefaction of the meat 
since a part of the tryptase is excreted.” 

One can state then that normally the nutrition of the larvae of 
primary blowflies, i.e., those early in the ecological succession in 
carcasses (17) and which initiate strike, is associated with bacterial 
activity; the bacteria are present on the skin and, provided there is 
adequate moisture, dead cells and other organic material form a suitable 
medium for their multiplication. 

6. Succession of Insect Inhabitants in Dead Bodies and on Living Sheep. 

A definite succession of insect visitors and insect inhabitants of 
putrefying animal matter has been recorded by several workers (21), 
(9), (17), and has been studied in detail by the writer in Europe and 
by Miss Mary Fuller in Australia. 

This succession is no doubt intimately related to a succession of 
bacterial flora such as has been recorded by Effront and Prescott (7). 
Of particular interest to a study of the blovmy problem, is the fact that 
flies of the species which initiate strike are among the earliest visitors 


* This speoies has had several names, but has been known especially as Chrytemuia aWieem and 

A. rufifacies. (18.) 
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to dead bodies and oviposit there soon after death, whilst flies such as 
Achaetandrus rufifacies Macq. Microcalliphora varipes Macq., 
Chrysomyia micropogon Bigot, and Peronia rostrata R.D. appear later. 
The evidence to date, which has been collected by various members of 
the Blowfly Section and in particular by Dr. I. M. Mackerras, indicates 
that the production of strike by flies belonging to these four species 
usually, if not always, follows attack by a primary fly which is an early 
member of the succession in carcasses. 

These facts suggest further that in fly-strike of sheep we have a 
phenomenon very similar to that associated with oviposition and larval 
development on dead bodies. 

7. Bacterial Activity Associated with Fly Strike in Sheep. 

If it be accepted then that bacterial activity is associated with the 
attraction of the female flies to places where they oviposit, with the 
provision of the stimuli necessary for the oviposition reflex and with 
the development of blowfly larvae in carcasses, and that if further there 
is a succession of fly visitors to the wool of living sheep similar to that 
occurring in dead animals, it would be logical to expect that fly-strike 
of sheep was also associated with bacterial activity. That this is so is 
now a demonstrated fact. 

For bacterial activity, the two most important requirements are 
adequate moisture and a suitable nutrient medium. During the autumn 
of 1931, we had, in body strike,’^ an excellent example supporting the 
general thesis that bacterial activity in wool is a forerunner of strike, 
in these cases, it was possible to study strike under conditions devoid 
of the complicating features found in crutch-, prepuce-, or head-strikes. 
Moisture was contributed by continuous rains and the bacterial condi¬ 
tions which preceded strike were those referred to collectively as 
“ weather stain ” or “ water rot.” It was evident that in a certain 
number of sheep the fleece was suitable for bacterial growth except for 
adequate moisture which was later supplied by heavy, continuous rains. 
Much remains to be done on the bacteriology of the affected wool, but 
one organism associated with many of the cases of “ weather stain ” 
was Pseudomonas aeruginosa {Bacillus pyocyaneus). This species had 
been recorded from wool some time previously by Seddon and McGrath 
(24), and by Waters (29), and was isolated by Dr. M. J. Mackerras 
from wool which we collected. Confirmation that there is always a 
high bacterial count in wool prior to strike has since been obtained by 
C. R. Mulhearn and M. J. Mackerras. 

Since the association of fly-strike with bacterial activity has been 
definitely established, it will be evident, after brief consideration, 
that body strike ” and “ crutch strike ” are essentially only phases of 
the same problem. In the case of ‘‘body strike,” adequate moisture 
for bacterial development is supplied by rain and wet grass aided by 
dull or humid weather. In crutch strikes, which are in the main 
restricted to female sheep, the moisture is supplied by urine and wet 
faeces, while the maintenance of moist conditions in the breech is 
favoured by a high relative humidity. It is probable that the part 
played by the faeces when present alone is negligible, for male sheep 
are seldom struck in the crutch. Further, Cousin found that oviposition 
by L. sericata in faeces was restricted to the faeces of carnivora. It is 
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thus improbable that ovipositioii in soiled wool is due to the presence 
of the faeces as such, though it is possible that faeces may play a part 
in some way not yet fully understood. 

As regards urine, it is possible that it acts as a skin irritant, but 
preliminary experiments indicate that it is detrimental to the develop¬ 
ment of larvae of primary flies. It appears then that the part which 
both urine and wet faeces undoubtedly play in crutch strikes is mainly 
that of wetting agents. The fact that fly eggs are often laid an inch 
or two away from the urine-stained wool, and also the fact that the 
larvae often move away from the ^^daggy^^ stained wool support this 
contention. 

In another article it is proposed to discuss the conditions in wool 
which favour bacterial activity. The dead cells sloughed off from the 
skin and those passed out from the skin glands are no doubt important 
in contributing protein material, while of particular importance is the 
state of the wool yolk*. In crutch strikes, wrinkles play an important 
role in the retention of moisture. Further, the composition of the wool 
yolk on folds is different from that away from the folds. (Stewart and 
Eimington (27)), This also has a relation to bacterial activity in tl^e 
crutch, and will be discussed at a later date. However, for the present, 
the main point is that it is necessary to conclude, as Seddoii (26) has 
already done, that crutch strikes and body strikes are similar in that 
an essential predisposing feature of both is bacterial activity following 
wetting. 

Our knowledge of the actual volatile substances which attract 
female blowflies to wool for oviposition is still incomplete. Raw wool 
is a medium composed of a number of complex substances—the wool 
fibre, wool yolk, and cell debris associated with it. The information 
available suggests that the volatile substances are the products of 
chemical changes in the constituents of the fleece as a result of bacterial 
activity. M. R. Freney (12) has recently shown that the products of 
hydrolysis of the wool fibre attract primary blowflies. ' The study of 
the chemical reactions associated with bacterial activity in wool should 
yield further information for our understanding of this aspect of 
strike. 
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Caseous Lymphadenitis—The Disinfection of 
Shearing Machine Handpieces. 

By H. R. Came, B.V.Sc* 

(From the Pathology Department, McMaster Animal Health Laboratory, 
Council for Scientific and Industrial Research, University of Sydney.) 

As infection of sheep with caseous lymphadenitis appears to result 
in the majority of cases from entry of the causal micro-organism through 
wounds of the skin, special attention has been drawn to the skin wounds 
occurring during shearing. It has been found that about 10 per cent, 
of infected sheep show evidence of rupture of superficial lymph glands, 
allowing the contents of the abscesses to run out into the wool. It is 
often observed also that lesions rupture during the process of shearing, 
due to pressure upon abscesses which are just about to break through the 
skin. The possibility of the shearing machine passing through such 
discharges, and thus becoming contaminated, presents a very ready 
means of transmission of the infection by the combs and cutters to 
subsequent skin wounds, which are inevitable in any but the plainest 
bodied types of sheep. 

The following experiments were carried out with the object of finding 
a suitable means of disinfecting the shearing machine handpieces. 
During 1931, experiments were carried out using watery solutions of 
certain coal tar disinfectants, but complaints were made by the shearers 
that the frequent dipping of the hot handpieces into such watery solu¬ 
tions led to the lubricating oil being largely removed, with the result 
that combs and cutters had to be sharpened unduly often, and there 
appeared to be some danger of the oil being removed from the bearings 
of the handpiece. 

Examination of handpieces after use showed that, under ordinary 
conditions, the crevices on the under surface of cutters became partly 
filled with a mass of greasy yolk, &c. It is believed that the heat 
generated by friction while the machine is running is sufficient to 
destroy any Preisz-Nocard bacilli which come into immediate contact 
with the combs or cutters; but where the yolk or pathological exudate 
is able to collect in a fairly thick layer, destruction of the micro¬ 
organisms will not take place. 

It was proposed to disinfect handpieces after each sheep was shorn. 
There being but a short interval elapsing between the completion of one 
sheep and the commencement of another, disinfection required to be 
effected in a very short period while the shearer was catching his next 
sheep. The practice in earlier experiments in shearing sheds had been 
to dip the handpiece into a shallow layer of disinfectant in a kerosene 
tin immediately after completion of shearing. This dipping was only 
momentary, and then the handpiece was allowed to hang from its 
stand till the next sheep was caught. In order to effect rapid penetra¬ 
tion of the masses of yolk and greasy caseous material which accumulate 
on the combs and cutters, it was deemed advisable to incorporate a fat 
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solvent in the vehicle in which the disinfectant was incorporated. For 
this purpose, heavy mineral naphtha was selected as being cheap and 
efficient. 

In the first series of experiments, the disinfectant was incorporated 
in a mixture of mineral naphtha and a lubricating oil commonly 
employed for lubrication of handpieces, the object being to avoid removal 
of lubricating oil during the process of disinfection. In later tests, the 
lubricating oil was omitted. 

Technique ,—Cutters from shearing machines, after thorough cleans¬ 
ing to remove all greases, were sterilized by autoclaving in petri dishes. 
They were then contaminated by smearing fresh caseous material from 
a natural lesion over the upper surface in a thin layer, and beneath, 
in the depressions on the under surfaces of the blades, a small mass 
of caseous material was deposited, just sufficient to fill the hollow tip. 
Such contaminated cutters were then immersed for 30 seconds at room 
temperature in the disinfectant solution to be tested. They were then 
removed and rapidly drained, and with a sterile swab the caseous 
material was rubbed off the upper surface. This was then rubbed up 
in serum broth. The masses from beneath were similarly removed and 
transferred to a second tube of culture media. The culture tubes were 
then incubated together with tubes sown from untreated caseous material 
from the lesion. Each test was duplicated. 

The results of the various disinfectant mixtures are shown in the 
accompanying table. 


Disinfectant 

Concentration 

Vehicle. 

Kcsult. 

of Dlslntectant 

Tliln I.ayer. 

Thick Layer. 

Cresylio acid.. 

0 .5% 

Mineral naphtha 20%, 
lubricating oil 

'1- 

+ 

Crosol (98%) 

10% 

Mineral naphtha 30%, 
lubricating oil 70% 

+ 

4* 

Tricresol 

10% 

99 99 99 

4- 

4- 

Titrol 

10% 

99 99 99 

Mineral naphtha 

4 

4* 

Titrol 

1% 

4- 

-f 

Titrol 

15% 

>» ft 

+ 

4- 

Titrol 

10?o 

»• ff 

i 4- 

4- 

Titrol 

•'50% 

»* ft • • 

1- 

4- 

Cresylic acid.. 

lo/ 

^ /O 

»» »» • • 

1 + 

4- 

Cresylic acid.. 


ft ft • • 


4- 

Cresylic acid.. 

10% 


— 

4- 

Cresylic acid.. 

•■•«% 





- Vi il)le organism< nKJOverpd. 

-- -- >Jo viable organUius recovered 


The results of these experiments indicate that adecpiate sterilization 
Avith such a short exposure can be effected only by using disinfectants in 
considerable concentration. Admittedly the test employed was a severe 
one, because in practice the heat of the machine, generated by friction, 
is considerable, and would increase both the rate of penetration and the 
action of the disinfectant. In addition, it has been found in earlier 
field experiments that large accumulations of grease, &c., do not collect 
on the combs and cutters if these are dipped after each sheep. 
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Of the disinfectants used, cresylic acid proved to be the most satis¬ 
factory, but was capable of destroying all organisms only when used in 
a concentration of 50 per cent, in mineral naphtha. The addition of 
lubricating oil to the vehicle greatly reduced the efficiency of the 
disinfectant. 

Because of the cleansing effects of the frequent immersion of combs 
and cutters of the handpiece into the disinfectant observed in field 
experiments, and the probable sterilization by heat of the organisms in 
immediate contact with the hot metal, it is considered that a concen¬ 
tration of 10 per cent, cresylic acid in mineral naphtha would be the 
most suitable of tlie disinfecting fluids tested. Cresylic acid, being a 
by-product of gas works, is comparatively cheap, and can be purchased 
in 5-gallon drums at 4s. 6d. per gallon. It consists of the higher 
fractions of the phenols, from which the carbolic acid and the cresols 
have been separated. Mineral naphtha costs from Ss. 3d. per gallon in 
5-gallon lots. 

We wish to express our great indebtedness to H. Finnemore, Esq., 
Lecturer in Materia Medica and Pharmacy of this University, whose 
advice was sought concerning the most suitable disinfectants and vehicles 
to use, and who kindly undertook the preparation of all the fluids 
tested. 
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A Soil Survey of Part of the Murrabit Irrigation 
Settlement (Vic.) and of the Bungunyah 
Irrigation Settlement (N.S.W.) 

By T. J, Marshall B.Sc.iAg^d* ond F. Penman, M.Sc.’t 


Summary. 

Four new soil types have been identified and described at the irrigation 
settlements of Murrabit and Bungunyah. 

Mechanical and chemical analyses are given, and particular reference is 
made to soil reaction, replaceable bases, and the bearing of the results on the 
use of gypsum and lime. 

A' comparison is made between the major soil type of each of these settlements 
and the river flat soils previously described in the soil survey of the Woorinen 
district. 


I. The Murrabit Irrigation Settlement. 

At the request of settlers, a soil survey was carried out at Murrabit, 
near Kerang, Victoria, to assist in the investigation of the general 
uiithrittiness of many of the local citrus groves. The distribution of 
the planted blocks being scattered, a section known as Tye^s Estate, 
having the greatest concentration of plantings, was selected for detailed 
soil survey. llesults of the work reported here will probably be 
applicable to the remaining river flat land at Murrabit. 

Tye^s Estate is an area of 950 acrcis in the Parishes of Benjeroop 
and Murrabit West, and is part of the Murrabit Irrigation Settlement. 
It is entirely river flat land, and the only topographical feature is the 
depression known as Keedy Creek. The estate is only partly planted, 
and those blocks which have been improved are concerned almost 
entirely with citrus production. The remaining unimproved blocks 
constituting the bulk of the area are utilized for occasional crops, 
rough pasture, and, in a very few instances, for sown pasture. 

The citrus groves in the Murrabit district as a whole constitute 
a small proportion of the total available area, and successful plantings 
are found generally on the blocks situated nearest the river. In general, 
Murrabit fruit is of high quality and has an excellent reputation. On 
Tye’s Estate, plantings have been made on blocks well back from the 
river frontage, and the results have not been entirely satisfactory. 
The general backwardness of the greater number of the groves on the 
estate may be attributed to two main factors—frosts and soil conditions, 
associated in some instances with inadequate cultivation and irrigation 
practice. Bad frost periods have occurred during the drier winters. 
Thermograph records kept by Mr. J. A. Egan show that in 1929 
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there were over 25 occurrences of frost, and that on nine occasions 
the temperature remained below 32® F. for a longer period than ten 
hours. Serious effects have followed the more severe frosts, and, as a 
precautionary measure, the lighting of heaters has been resorted to on 
some occasions. The check given to the growth and health of the 
orange trees must be a matter of great importance at Murrabit, but it 
does iiot account in full for the general lack of vigour. 


(1) Soil Types ,—Two soil types were described as a result of the 
soil survey, and their distribution is shown on the soil map (Fig. 1). 

(a) Miirrahit Clay ,—This type covers the greater part of Tye^s 
Estate, and is no doubt the chief soil of the Murrabit river flats. It 
is heavy throughout its proflle, with a surface which is very difiicult 
to work and to irrigate. The high clay content of the surface is 
maintained throughout the profile, which is illustrated in Figure 2a. 
Mechanical analyses (Table 1) show the texture of every sample taken 
to be that of a heavy clay. Soils of this nature present at the outset 
great obstacles to successful citrus production, and, moreover, tillage 
costs must always be an expensive item. The question of the improve¬ 
ment of the surface conditions, with respect to tilth and acidity, by the 
addition of gypsum or lime is discussed later. 

A variant from this type, which occurs to a very limited extent 
on the estate, is mapped separately, and is indicated by the words 
gypsum present in profile.” This soil covers 14 acres, and yields 
but })Oor results with citrus. 

(h) Benjeroop Clay ,—In surface appearance, Benjeroop clay is 
similar in the field to the more common type described above, but on 
analysis it is seen to be rather lighter in texture (Table 1). The 
fundamental difference, however, is the presence at a depth of about 
4 feet of notable amounts of fine sand, which increase with depth 
(Fig. 2b). The soil appears to be more satisfactory for citrus than 
Murrabit clay, and it is thought that many of the successful groves 
outside the area surveyed owe their success, in some part at least, to 
location on this more suitable soil type. It is probable that the type 
is of most common occurrence along the river frontage. The area 
within the estate is only 50 acres. 


Heavy clay 
Heavy clay 

Heavy clay 


Murrabit Clay. 


8 ^ 

30" 

72" max. 


Dark grey 

Dark grey with brown inoluaions 

Grey 


Fig. 2i. 
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Benjeroop Clay, 


Medium clay 

8^ 

Dark grey 

Medium clay with light brown 
inclusions 

24" 

Dark grey 

Medium clay with brown fine sand 
in pockets 

48" 

Grey 

Sandy clay, sand increasing 

72" max. 

Brown 


Fig. 2i». 



Table 1.—MEriiANK al Analyses and other Data for Murrabit and 
Benjeroop Clay Profiles. 

(Figures represent p<*rcentages on air-dry soil, with the exception 

of pH.) 

Soil Tvih* Murrabit Clay Beiijonmp ('la> 


Sample No 

. b38, : 
31/U 

] 

1*^ 


13 


14 i 

1 

638/ 

31/19 

20 


il 


-2 

1 638 

1 31 1 



i : 

i 

Dcptli in IncheH 

! 0 


8- 

-24 

24 

48 

48 

-72| 

0-8 

! 

-33 

33 

1 

53 


-73 

i " 

8 

1 

24 

24 

48 

CoaiNe saiul 

0 

1 

tr 

1 

0 

O 

0 

2_' 

0-6 

i 

i, 

6 

(C 

6 

0 

' 4 1 

1 •>' 

■8 

5' 

■8 

1 7 

4 

Fiiio 

L.') 

i 

ifi 

7 

17 

0 

23 

•ii 1 

19 0 

15 

!» 

14- 

9 

12 

•0 ! 

27' 

•8 ^ 

27' 

• 5 

30 

6 

Silt 


It 

18' 

4 

20 

1 

26 

•1 1 

23-3 

23 

]> 

22* 

6 

24 

•8 

1 1*^ 

' 2 

16' 

1 

13' 

6 

Clay 

, 

1 .*>7 


iSl 

C i 

56 

5 

47 

•5 

52*2 

55 

3 

56* 

7 

56 

•8 

46 

•8 

I-*-*' 

6 

42- 

7 

on aild treatment 

3 

tt 1 

3 

3 

3 

3 

.» 

•2 1 

2*5 

•> 

1 

2* 

0 

2 

‘ 2 

3 

0 ' 

1 2' 

1 

2' 

■8 

on iKiiititm 

' 0 

7 ' 

8- 

11 


6 1 

r> 

7 1 

7*5 1 

6 

5 

6- 

5 

6 

•i) 

7' 

•6 ! 

9' 

•7 

6 

0 

Total «alt>4 

0 


tc 

08 

\ 0 

16 

0 

•lol 

(t 06 

0 

03 

0- 

03 

0 

•07 

0 

03 

0 

08 

O’ 

12 

Chlorine 

(1 

(»2 

{)' 

02 

1 

(t7 

0 

07' 

0-01 

0 

00 

0 

01 

0 

•02 

I 0 

01 

0 

04 

O' 

Oo 

Total nitrogen 

0 

t»s, 



! 




0* M 




1 

1 


' 0 

09 

O' 

03 



pH 

rt- 

' .> 

()' 

'0 ' 

7 

^ 1 

7 

‘ t 

6*4 ’ 

i 6' 

• 1 ' 

•l’ 

8 

6 

' 7 

6 

’ 7 

6' 

' 2 

7’ 

t 


(2) Chemical Analysuj —Analyses of hydrochloric acid extracts of 
typical Murrabit soils are shown in Table 4. Phosphoric acid is low 
and lime moderate, while potash and magnesia are high, the latter 
exceeding lime in all cases. Total nitrogen figures, as listed in Tables 
1 and 2, are normal for heavy soils in this region, as is also the distri¬ 
bution of nitrogen in the soil profile. 

The replaceable base figures listed in Table 5 characterize the 
Murrabit clay complex in surface and sub-surface samples as calcium- 
magnesium dominant, these two cations being present in roughly equal 
amount, and together constituting nearly 80 per cent, of the total 
replaceable bases. There is no free calcium carbonate in those soils, 
and the reactions of surface samples range closely round an average 
figure of pH 6.6. Reaction values of all Murrabit samples examined 
are set out in the form of a distribution table (Table 6). 

Tables 2 and 3 show that, in general, chloride is the most important 
anion in soluble salt extracts. Figures for chlorine as shown in the 
tables represent chlorine in the form of chloride. From Table and 
on comparison with similar soils of northern Victoria, soluble salt 
is attributed chiefly to sodium chloride and sodium sulphate, lime and 
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magnesia being of little importance. Bicarbonate is low compared with 
the calcareous alkaline soils of most of the Murray irrigation districts. 
It will be noted from Table 2 that chlorine reaches figures as high as 
0.08 per cent, in some subsoils, and total salts, excluding the gypsum¬ 
bearing soil, reach 0.23 per cent. It is considered that in heavy soils 
of this character such figures for subsoils are not unduly high. 


Table 2.—Total Nitrogen, Total Soluble Salts, and Chlorine in 
Murrabit Clay and Benjeroob Clay Samples. 

(Figures represent percentages of air-dry soil.) 


Soil 'I'ypt*. 


Mlirruhit CUv, 

1 

1 

Benjeroop Clay. 

Gypsum Bearing 
Soil. 

Sample No 

038/ 

10 

i 

18 


638/ 8 

9 

10 

638/ 

5 

6 


31/15 


1 

_ 1 


j 23 1 24 j 

31/7 ! 



31/4 

! 1 


Depth Inches 

0-8 

8-30 

30-58 

58-72 

« 

a 

0-8 is 24 

24-40 

40-60 

0-10 

j 1 

10-24 

24-42 

'J'otal nltrojjen 

0-09 


1 


0*091 0 05 

OH' 

i 


0*06 

i .. 


Total salts 

0-07 

0-07 

0-15 

! 0-17 

0*10 0**23i 

0-06 i 0*081 0*12 

0*07 

0*09 

1 0**23 

*0-65 

Chlorine 

0-02 

0 02 

0-05 

1 0*05 

1 

0*021 0*08 

0*01 ; 0*01 

j 0*02 

0*02 

0*02 

0*07 

0*11 


* ('unt}iiiiui|£ aypsuiu. 


Table 3.—Analyses of Soluble Salts in Murrabit Soils. 


(Figures represent parts per 100,000 of air-dry soil.) 


.Sample No 

1 

i 638/31 3 

1 

5 

17 

10 

1 j 


24 

Depth Inche*' 

24 48 

i 

10-24 

30 58 

0 8 

1 

J___l_ 

_ 

53-73 

_ 

6-24 

Total salts 

j 

120 ; 

225 : 

150 


___ 

70 

1 230 

Cl .. 

.. ! 48 1 

08 * 

4.5 

5 

15 

77 

CO., .. 

.. 1 nil 

ml 

ml 

nil 1 

nil 

1 nil 

HC()3 

: 12 i 

1 10 

20 

13 

0 

14 

.. 

13 

03 1 

30 

8 1 

8 

! 62 

XJh . . 

.. 1 1 ; 

7 

1 

; 1 ' 

0 

6 

Mil .. 

.. j 2 

5 

2 

1 

1 

1 

i 7 


Table 4.—Chemical Analyses of Murrabit and Bunqunyah Soils. 


(Per cent, air-dry soil.) 


.Soil tyiKj .. .. .. 

Murrabit Clay. 

Benjeroop Olay. 

Biinffimyah Clay. 

Sample No. . . .. 

638/ 1 

31/11 1 

19 

! 638/ 

; 31/1 j 

•> 

2389 

2399 

Depth Inch .. . 

0-8 

0 -8 

j 0-8 

8-24 

0-12 

0-15 

PaO, . 

0-08 

0 08 

i 

; 0 05 

0 05 

0-04 

0 04 

KjjO . 

0-85 

0*79 

I 0*68 

0*66 

103 

0*97 

•CaO 

0-38 

0*24 

1 0-27 

0-26 

005 

0-67 

MgO . 

0*48 

0-37 

j 1>*41 

1 

0*59 

0*76 

0*78 
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Table 5.— Replaceable Bases of Mi krabit and Buncjtnyah Soils. 


Soil type 

Murrabit Clay. 

Benjeroop 

Clay. 

Bungunyah Clay. 

Sample No. 

638/ 

31/11 

12 

638/ 

31/2 

1 

23HU j 

23 DO 

Depth- Inch 

0-8 

8 24 

8 14 

« 2 1 

0 ir» 

pH 

6 5 

6-0 

6-2 

'■* i 

7-4 

Total replaceable base mgm. equivalent 
per cent. 

33-3 

30-5 

20*0 

21)-7 

2S-B 

Per cent, of total replaceable bases - - .. 
Ca . 

43 

33 

33 

1 

1 53 

57 

Mg 

35 

43 

43 

20 

27 

Na 

IS 

21 

; 20 


10 

K 

4 

1 

4 , 

0 

0 

Clay percentage 

67*3 

61*0 

j 

46-8 

43-0 1 

40 0 


Table 6. —Distkibetion Table for pH. 


(Figures represent numbers of samples falling into each reaction range. 
Samples below 4 fe(‘t are not included.) 


Reaction i»H. 

4*5- 

4-9. 

5*0- 

5-4. 

5-9 

i 

; 6-0- ! 

1 

6*5- 

6*9. 

7*0- 

7*4. 

1 

7*5- 1 8*0- 
7-9. 1 8*9. 

8-5- 

8*9 

Swan Hill clay 

1 

2 

1 

1 

1 


1 


Murrabit clay 

, . 


2 

1 5 

6 


. . 1 


Bonjeroop clay 


.. 1 


' 1 

2 

1 1 

2 i .. 

. . 

Bungunyah clay 

. , 

. . 

* • i 

1 

2 

4 

4 ! 1 

2 

Beverford clay loam 



1 

*• 1 



*' 

.. ; 8 
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(3) Discussion of Murrahit Soils ,—It is geiuTally supposed at 
Murrabit that the soils there are all highly acidic, but this view has not 
been supported very strongly by the determinations recorded in Table 
6. While practically all samples from the Murrabit clay soil type are 
definitely acidic, the degree of acidity, in surface samples at any rate, is 
in no case great enough to warrant concern. Lime has in the past been 
used in considerable quantities by some growers with the object of 
overcoming acid conditions. That this can be readily accomplished is 
shown by the fact that in two cases where this treatment had recently 
been adopted, an alkaline reaction (pH 7.7 and pH 8.0) was found for 
surface samples. These were the only alkaline surface samples taken 
at Murrabit, and because of the special treatment they had received 
the results have not been recorded on the pH distribution table. 

The replaceable base figures are of considerable interest. The soils 
at Murrabit compare rather unfavorably with Bungunyah clay in 
respect to replaceable calcium, and this, coupled with their somewhat 
higher clay content, probably accounts for their inferior surface texture. 
The use of lime and gypsum with the aim of remedying this defect has 
been adopted fairly generally. Both materials will effect a gradual 
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improvement in the general condition of the soils by building up a 
calcium clay. Lime, of course, will have the additional value of 
correcting acidity where this is considered necessary, and is recom¬ 
mended for most soils of the district. 

The problem at Murrabit, so far as it concerns the soil, is linked 
up with textural conditions rather than with infertility or acidity. 
Efforts at improvement must centre around the application of lime and 
gypsum, and notable results will necessarily he slow owing to the 
very high clay content of the soil. Normal fertilizer applications of 
nitrogen and phosphoric acid in some form are, of course, advisable 
in addition. 

In watering of Murrabit soils, which in general may be considered 
free from seepage and salt troubles, and in which the chief problem 
is the extremely slow penetration of water, irrigation practices involving 
flooding or semi-flooding would appear to be the most satisfactory. 


2. The Bungunyah Irrigation Settlement. 

(1) General ,—The Bungunyah-Koraleigh Irrigation Trust District 
is situated on the New South Wales side of the Murray River, opposite 
Nyah (Victoria), on a low flat, at a level formerly reached by high 
floods. To the east, the ground dips into Lakes Wollare and Gooniraur, 
and to the west it rises to the Malice country. The intervening strip 
includes about 1,400 acres of land, most of which is irrigable from low 
lift channels; of this area, only about 500 acres have so far been 
planted. Plantings consist chiefly of sultanas, with oranges occupying 
the major part of the remaining irrigated land. The flat is rather 
subject to frosts, and during 1928 and 1929 citrus growers experienced 
a good deal of trouble from this source. Taken generally, the trees have 
not come forward successfully since then, and at the time of the survey 
only occasional good groves were encountered. 

The soils are mainly heavy and dark, the texture of the major type 
varying from a medium to a heavy clay, and the colour from dark-grey 
to black. Excluding tlie brown Mallee soils which project in places into 
the flat, the soils may be divided into two main types—Bungunyah clay 
and Koraleigh sandy loam, of which the former is by far the more 
important (vid(' soil map, Fig. 3). 

Bungunyah Clay ,—This soil type, the profile of which is sketched 
in Figure 4a, covers the greater part of the settlement. The depth of 
the dark-coloured horizon varies very considerably, and in local patches 
the surface is grey. In some borings the depth of the black clay was 
26 inches, but in more than half the soils it was not greater than 12 
indies. In the surface 2 feet of soil, lime was found in very limited 
amounts, if at all. In the subsoil, it was usually present in appreciable 
but never large amounts in association with fine limestone rubble. The 
soil, although very heavy and intractable when wet, becomes more 
friable and works into a reasonably good tilth when dry. The reaction 
of the normal profile is alkaline, hut not highly so in the surface soils. 
Plant food analyses (Table 4) disclose the usual high potash and-low 
phosphoric-acid content common to most Murray River soils. Total 
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nitrogen figures, as shown in Table 7, are fairly high for surface and 
sub-surface samples when the depth of sami3ling is considered, one figure 
being 0.17 per cent, for the surface foot. 

There are three variants from the normal Bungunyah clay soils, the 
most important of which appears, in the field, to be of a somewhat 
lighter texture. This is reflected in the mechanical analysis of samples 
2389, 2390, and 2391 (Table 7). Otherwise, the soil presents no marked 
differences from the more usual type represented by samples 2399, 2400, 
and 2401. 

A second variant occurs in blocks 40, 41, and 42 (TolFs subdivision) 
on land which has only recently been reclaimed, and has hitherto been 
subjected to repeated inundation. The soils here are exceptionally 
heavy (samples 2395-7) and slightly acid, and do not work down to the 
tilth of the normal type. Otlnu-wise, the profile presents no great 
differences. 

A third variant is found in blocks 34 and 35 (Toll’s subdivision), 
which is also a low-lying area. Here the soils are greyer in colour, but 
still fairly high in nitrogen. Although also slightly acid, the surface 
does not present the same* working difficulties as the heavy surfaced 
soils described above. 

Koraleigh Sandy Loam ,—This soil is of high productive capacity, 
but it is limited in extent to an area of 23 acres. The soils are light 
and highly alkaline. A typical profile is illustrated in Figure 4b, and 


Buny^inyah Clay. 


Medium clay 

Heavy clay with slight lime 

Heavy clay with light lime and 
rubble 


12 " 


20 " 


Bla(;k 
Grey black 

Grey 


Fig. 4a. 


Sandy loam 
Sandy loam 

Sand with slight rubble 


Koralelgh Sandy Loam, 


15" 

26" 


Dark grey 


Hr jwn 


Brown 


Fig. 4b. 




Table 7.—Bukgunyah Soils—Mechanical Analyses and other Data. 
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the mechanical analyses are shown in Table 7. Soils of a heavier 
texture are also met with, and lime was found in the profile at a depth 
of about 15 inches in a number of borings. 

(2) Discussion of Bungunyah Soils .—The problem of major import¬ 
ance at Bungunyah is the poor grade of dried fruit produced. Heavy 
yields are obtained, but with the exception of the small area of 
Horaleigh sandy loam, which is claimed by the owners to grow superior 
fruit, the sultanas are on the whole of low grade. The inference is 
that the adverse factor lies in either the soil or the climatic conditions. 
The latter are known to be unsatisfactory for the later stages of the 
harvest. In view of the high yield, it seems certain that the soil 
moisture and nitrogen supplies are ample. The production of abundant 
foliage and good cane growth are always associated with a sufficiency 
of nitrogen, and, considering the typical figure of 0.10 per cent, in 
the surface soil, nitrogenous fertilizer seems unnecessary until the vines 
show signs of weakening. This should not occur with a regular green 
manuring system. Any treatment which will increase the sugar-content 
and advance the ripening period is of primary importance, and from 
analogous instances it is highly probable that, while potash tends to 
promote this end, excess nitrogen tends to depress the sugar and put 
back the date of maturity. Despite the high content shown by analyses 
of the soils, potash may not necessarily be in a readily available form, 
and potash fertilizers deserve close attention in the experimental plots 
at present being conducted at Bungunyah. 

The value of superphosphate as an essential fertilizer is emphasized, 
and it is considered that moderately heavy dressings of about 4 cwt. 
per acre on sultanas would give economic returns. In any case of 
intractability of surface soil or slow penetration of irrigation water, 
applications of gypsum or lime, whichever is the cheaper, would produce 
an improvement. Green manure crops in alternate rows annually, or at 
least two out of three years, should be a standard practice. 

In the case of oranges, nitrogenous fertilizers are probably necessary, 
but the value of experimental dressings of other fertilizers should not be 
disregarded. The danger of frost damage seems sufficiently great to 
prevent any further planting of citrus, and the future of the settlement 
depends on the improvement of the sultana crop. 


3. A Comparison of River-flat Soils of the Swan Hill District. 

Soil'surveys conducted within the region of Swan Hill have now 
defined four soil types having texture and profile characters in common. 
These occur on the river flats at Bungunyah, Murrabit, Beverford, and 
Speewa, and have been called Bungunyah clay, Murrabit clay, 
Beverford clay loam, and Sw^an Hill clay.* They are all heavy soils 
of alluvial origin. It would appear from Table 6, showing the reaction 
of the soils, that the Speewa flat w^as the most recently under the 
influence of floods from the Murray River, and that Beverford clay 
loam has been independent of river action for a longer period than the 
other soils. 

• Beverford clay loam and Swan Hill clay are described in C.S.T. R.BuUetin No. 45,1980, as Types 
‘9 and 10 respectively. 
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On the triangle diagram (Fig. 5), illustrating mechanical analyses 
of soils, Murrabit clay and Bungunyah clay samples group well, and 
arc shown to be very heavy. A comparison of the groups indicates a 
relationship between the Murrabit and Swan Hill clays, and between 
the Bungunyah clay and Beverford clay loam, and this concordance is 
supported by the pH distribution table. Summation curves (Fig. 6) 
illustrate in addition the absence of coarse sand in the Swan Hill clay 
and Murrabit clay soils. These curves have been drawn on averages 
for surface samples only, but adequately present the salient features 
of the soil types. 

Results of soil surveys of these four river flats suggest that a close 
connexion would be obtainable between all similar flats in this district 
of comparable height above river level. The difference between the 
soils would lie mainly in reaction, depending on the time that has 
elapsed since the flat reached a level above the regular influence of high 
rivers. 



SILT SAND 


Fkj. 5.—Distribution triangle illuHtrating mechanical analyses of soil type«.. 



Summation percentages 
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4 54 2 64 0 64 2 64 


LOG SETTLING VELOCITY 

Fio. H. Summation curves illustiating average mechanical analyses of 
surface samples of soil types. 
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The Sulphuring of Apricots. 

By J, E, Thomas, B.Sc., B.AgrSc,, B,V,Sc* 

Summary, 

1. Under field conditions, the amount of SOj (sulphur dioxide) absorbed in 
drying apricots is closely related to the time of exposure to the fumes in the 
sulphuring chamber and to a minor degree to the ainount of sulphur burnt. 

2. The method of drying after sulphuring has an important influence on the 
SOa content in the resultant product; shade drying leads to a loss while sun 
drying appears to preserve the SO* content of the dried sample. 

3. Heavy spraying or allowing to stand o\ernight before sulphuring appears 
to have little significant influence on the SO* content. 

4. An estimate of the probable amount of 80^ absorbed may be obtained in the 
field by applying an iodine test to the freshly sulphured fruit. 

/). Under storage conditions a heavy loss in SO^, occurs; there is reason to 
believe that the losses in moist packed fruit are heavier. 

6. The re-processing of apricots is discussed. The rate of SO, absorption on 
resulphuring is shown to be correlated with the moisture content. Evidence is 
advanced in support of the contention that, in order to retain a satisfactory 
colour, re-processed fruit should contain not less than 10 grs. of SO, when packed. 


I. Introduction. 

In Jiino, 1929, it having been found that some samples of Australian 
dried apricots contained more sulphur dioxide than the maximum 
amount permitted under British Health Regulations, a conference of 
representatives of the (/ouncil and of the State Departments of Agricul¬ 
ture concerned was held to formulate a programme of research into the 
whole probkmi. As a result the investigation of certain aspects of the 
problem was allocated to the Council. Work on these aspects was com¬ 
menced in 1930, and the results of that season^s investigations have 
already been published (this Journal 3: 161, 1930). During the subse¬ 
quent year, studies were continued at Curlwaa, New South Wales, by the 
staff of the Commonwealth Research Station, Merbein, with the field 
assistance of Mr. McCutcheon, Horticultural Instructor, Department of 
Agriculture, New South Wales. The results of these studies are 
discussed below. 

2. Experimental Methods. 

The sulphur hoods used were those employed in the 1930 experi¬ 
ments,f and the procedure was, in all cases, very similar. During the 
trials, at half hour intervals, wet and dry bulb records were taken within 
the hoods. The thermometers were placed near view glasses about two- 
thirds up from the bottom of the chambers, and at the end distant from 
the entry of the sulphur fumes. Owing to the great variation in tem¬ 
peratures in different parts of the hood, however, the temperature 
records are of value for comparative purposes only. 

The “ Moorpark variety of apricot was used and, unless otherwise 
specified, the fruit was sun dried. The methods of sampling and 
analyses' employed were in accordance with the recommendations of 

• An officer of the Comn onwealth Bo earrli Station, Merbein. 
t Lyon, A. V. "The Sulphuring of Apricots.” This Journal 3 : 161, 1030. 
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Mr. W. B. Jewell, Secretary to the Committee. For determination of 
moisture, the vacuum oven method* was found unsatisfactory, and a 
direct distillation method was used insteadf. Determinations of SOg 
content in the dried fruit were made, by the official A.O.A.C. method, 
from 5 to 7 weeks after sulphuring. 

3. Results. 

(i) Study of the Absorption of /SOg-—order to control the rate of 
burn, the sulphur was burnt in a small pit outside the hood and the 
fumes admitted to the latter through a 3-inch pipe with an adjustable 
aperture. A number of additional exits which could be closed at will, 
and additional to those previously described by Lyon, were made, thus 
facilitating the alteration of the draught, and hence, the rate of burn of 
the sulphur. In practice, however, under field conditions, it was found 
difficult to burn a predetermined amount of sulphur in a given time. 

The results obtained when sulphuring by burning the same amount 
of sulphur at different times are shown in Table 1. Those obtained 
when burning variable amounts of sulphur in a constant time are given 
in Table 2. 

From the results detailed in Table 1, it will be seen that the amount 
of SOg absorbed by the fruit bears a fairly close relation to the time of 
exposure. An inspection of Table 2 discloses that wide variations in 
the amount of sulphur burnt have relatively little influence in the 
SO 2 content of the dried product under comparable conditions from the 
point of view of length of time of exposure. Under field conditions, 
there are other uncontrollable factors operating such as temperature and 
weather during the drying period (see next section). For this reason, 
comparisons of varying SO^ content should be limited to any one 
experiment. 


Table 1.—SO 2 Absorption when a Constant Amount of Sulphur 
WAS Burnt in a Variable Time. 


Expt. 

No. 

Time* of 
sulpliurinff. 
(hours ) 

Amount of 
sulphur burnt 
(Ib./ton fresli 
fruit.) 

1 Mean Khude 

Mean hood \ temperature of 
temperature, j atmosphere at 
( D.*k F.) the time 

1 (OCR K) 

SOj eoident of 
dried fruit seven 
^oeks later 
(grains per lb.) 

Remarks. 

1 

3 

1 

3 26 

no 

90 ! 

6 5 "1 

iSun-dried 


4 

3 26 

no ! 

90 1 

9 2 1 

one day, 


4} 

3 26 

108 ! 

! 90 1 

6 3 f 

then shade- 


H 

3 26 

109 

90 

94 J 

dried 

2 

3i 

6 62 

96 1 

79 

8 3 ^ 



4i 

5 

6 52 

6 52 

96 ! 

96 

79 

79 

10 2 1 

11 5 1 

Sun-dried 


5i 

6 52 

97 1 

79 

118 J 


3 

3i 

9 30 

109 

88 

11 1 ^ 



H 

5 

9 30 

9 30 

101 

106 

88 

88 

12 7 1 
14 9 f 

Sun-dried 


6 

9 30 

101 

88 

16 1 J 



* “MethodH of Analysis, A.O.A.C.’* 2nd Kdn. 1U25, p. 2(i9. 
t Jour, A.O.A.C. 9 30. 1920. 
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Table 2. — SOg Absorption when Variable Amounts of Sulphur 
WERE Burnt in a Constant Time. 


Expt. 

No. 

Time of 
sulphuring, 
(hours). 

Amount of 
sulphur burnt 
(Ib./ton fresh 
fruit.) 

Mean hood 
temperature. 
(Deg. F.) 

Mean shade 
temperature. 
(Deg. F.). 

SOj 

(grains per lb.). 

Remarks 

1 


1 47 

88 

74 

5 9 1 



4} 

1 47 

87 

74 

6 2 y 

Sun-dried 


4| 

2 58 

1 

87 

74 

7 0 J 


2 

4i 

3 07 

101 

83 

7 9 1 



4i 

3 89 

100 

83 

81 y 

Sun-dried 

1 

4J 

4 51 

1 

104 

83 

8 3 J 


3 

4i 

2 75 

108 

83 

51 r 

Sun - d rio d 

1 

4f 

6 51 ; 

109 

83 

” 

for one day 
then shade- 
dried 


4 

4i 

8 98 

110 

91 

10 5 1 



4i 

4i 

9 00 i 

9 10 

101 

101 

91 

91 

9 7 1 

10 4 f 

Sun-dried 


4i 

11 30 i 

102 

91 

116 J 

f 

5 

4i 

4i 

4i 

* 7 46 

9 37 

12 63 

109 

108 

109 

92 

92 

92 

7 4 f 

I 

Sun -dried 
for one day 
then shade- 
dried 

6 

4i 

5 49 

108 

90 

11 0 1 



4i 

6 34 

109 

90 

14 0 1 



4i 

6 77 

110 

90 

116 f 

Sun-dried 


H 

8 49 

110 

90 

13 8 J 


7 

4 

4 

4 00 

7 00 

98 

107 

94 

94 

9 6 \ 

13 2 / 

Sun-dried 


Note.—^W ith the exception of Experiment 1 In Table 2, the samples ohtalneil from the experi¬ 
ments were of Kood commercial quality 


During the tests detailed in Table 2, a number of samples of gas were 
aspirated from the atmosphere in the hood and examined for SOg con¬ 
centration. This was found to fluctuate widely in different parts of the 
hood ranging from 0.20 per cent, near the entry of the sulphur fumes, 
0.05 per cent, along the side, and 0.10 per cent, near the exit. A number 
of analyses were made of samples from comparable hoods burning vary¬ 
ing amounts of sulphur, and, as was to be expected, it was found that 
the SO 2 concentration tended to increase as the rate of burn increased. 
Under current field methods of burning sulphur, using the open 
system, the concentration of SOg is relatively low, and, in such cases, 
the hood concentration does not appear to be a major factor controlling 
absorption. It would appear, however, from the results obtained by 
Chase, Church and Sorber* in California, that, when the gas concen¬ 
tration is kept at much higher levels (at from 1 to 15 per cent.), the con¬ 
centration then becomes a prime factor in determining the amount of 
SO 2 retained. 


• Chase, Church, and Sorber. “Largo Scale Experiments in Sulphuring Apricots.” Jour. 
Ind. Eng. Chum. «; 1317,1010. 
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(ii) Sun VersiLs Shade Drying .—Experimental work carried out in 
South Africa* tends to show tnat shade drying after sulphuring 
results in a reduction in SOg content. In the following tests, imme¬ 
diately after sulphuring, four trays were stacked in the sun. After one 
day^s sun exposure, the top tray No. 1 was taken off, thereby exposing 
No. 2. On the second day, No. 2 was removed, and on the third day 
No. 3, thereby exposing No. 4. Owing to the very favorable weather 
conditions, the drying rate was particularly rapid. The results are 
given in Table 3. 


Table 3. 

' S(L rontfnt in Rraliis/ll) 


No. of 
Tray. 

Mctho<l of Drying 1 

1 

Experiment No 

1. 1 2. I 3. 

4. 

I 

i 

1 

Wholly sun-dried 

1 10 l U 4 1 12 6 

11 9 

2 

One day’s shade-drying—tlien sun-dried 

8 2 i 8 9 ! 9 9 

10 1 

3 

Two days’ shade-drying—then sun-dried 

7 9 « 5 I 8 5 

8 8 

4 

Three days’ shacie-drying—then sun-dried 

i 7 6 1 6 4*1 8 0 

6'8» 


♦ Wholly ahade-dried. 


The samples were graded in terms of colour and, in all four cases, 
the brightest were those wholly sun-dried, and the dullest the shade 
dried. The differences were not sufficiently great to have any com¬ 
mercial significance, although a greater diversity of colour might pos¬ 
sibly have been obtained under less favorable drying conditions. It is 
apparent that the shade drying results in a very considerable diminution 
of SOg content and is, therefore, an easy and convenient method of 
treating fruit suspected of being over-sulphured. These results offer a 
partial explanation, at least, of anomalies noted in other experiments, 
for the weatlier during the drying period may profoundly control the 
SO 2 content. 

(iii) Influence of Spraying .—In the report of the 1929-30 experi¬ 
ments carried out at this Station, it was concluded that light spraying 
with water or a 2.5 per cent, salt solution had little significant effect 
on the absorption of SOg. In a recent bulletin by Nichols and 
Christief, it is stated that spraying tends to depress the absorption 
of SO 2 . On the other hand, Anderson (loc. cit.) presents some experi-. 
mental work which indicates an increase in SO 2 content after moistening. 
For these reasons, some of the 1929-30 experiments were repeated. In 
each case, the samples sprayed ” were freshly cut and heavily sprayed. 

• Andertjsen. “ Sulphur Dioxide in Dried Fruit.” Union of South Africa, Department of 
AKriculture, Science Bulletin 84 (1929). 

t Drying Cut Fruits.” Cal. Agr. Expt. Stn. Bull. No. 486 (1930). 




The results are given in Table 4. 


Table 4. 


Position of tray 
in cliainber. 

Expt. 1. 

so, content 
(grain»/lb.). 

Expt. 2 
treatment. 

SO« content 
(gmlns/Ib.) 

E.xpt. 3 
Control. 

SO, content 
(gralnVlb.) 

Top Guard 9 




.. 

•> 

.. 


r 9 5 

8 

Sprayed 

9 5 

Sprayed 

6 3 




7 9 

7 

Cut 17 hrs. 

9 6 

Cut 17 hrs^ 

6 6 


Freshly 


9 4 

6 

Freshly cut 

9 4 

Freshly cut 

5 3 

i 

> cut. 


10 0 

.5 

Freshly cut 

7 7 

Freshly cut 

4 9 

[ 

All 


10 4 

4 

Cut 17 hrs. 

JO 7 

Cut 17 hrs.l 

6 1 


trays 


10 3 

3 

Sprayed 

9 2 

Sprayed 

6 5 




19 7 

Bottom (Juard 2 









Means 

Sprayed 

9 4 

.. 

6 4 






Cut 17 hrs. 

10 2 

• • 

6 7 






Freshly cut 

8 5 


5 2 


__1 




The results of moisture determinations made on samples cut ^-in. 
parallel to the cut surface were as follows:— 

Freshly cut .. .. 86.4 per cent. 

Cut 17 hours (overnight) 86.3 „ „ 

Sprayed .. .. 90.1 „ „ 

The sprayed samples looked brighter and more attractive when 
removed from the sulphuring chamber, but little if any difference was 
discernible in the dried samples some 6 weeks later. 

From the data presented in Table 4, it does not appear that spraying 
the fresh fruit or allowing it to stand overnight have any marked effect 
on either the SOg content or the ultimate colour. 

(iv) Applicatioti of an Iodine Test to ihe Freshlif Sulphured 
Apricot ,—It was suggested by Mr. W. K, Jewell that an iodine test 
might act as a reliable field guide to the amount of SOa ultimately 
retained in the dried sample. Immediately after sulphuring, a composite 
sample was selected from the trays, the pulp expressed, and strained 
through muslin. Twenty-five mils, of the pulp were then titrated with 
N/IO iodine solution using starch as indicator. A blank determination 
was carried out with fresh un-sulphured apricots. The correction thus 
obtained varied between 0.25-0.50 mils, of the iodine solution. This 
test was applied to all the experiments, but in the light of the evidence 
obtained from the shade drying trials, only the results from samples 
which were wholly sun dried were used to plot a graph. Although a 
fairly wide scatter of points was obtained, the correlation co-efficient 
between the iodine figure obtained on fresh fruit, and the SOg content 
of the sun-dried product was sufficiently high to render the titration 
figure of value (r =■ .61 ±: .14). For samples containing more than 
6 grains of SOg per lb. the most probable value could be estimated from 
the iodine test by use of the following:—SOg grains/lb. = mils N 10 
iodine—2.0. 

(v) Storage Trials ,—The following table sets out the changes in 
SO 2 which occurred in samples of dried apricots stored at Merbein. 
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Table 5. 




SO, content (14—17 per cent, moisture). 

Date. 

Time after 
sulphuring. 

Sample No. 



1. 

2. 

3. 

4. 

22.2.30 

5 weeks 

10 3 

10 7 

27 7 

17 8 

1.3.30 

6 weeks 

9 3 

11 3 

24 3 

n.d. 

15.3.30 

2 months .. 

7 9 

10 1 

25 0 

17 0 

16.4.30 

3 months .. 

8 4 

9 7 

26 4 

15 4 

16.7.30 

6 months .. 

6 1 

9 5 

21 7 

12 5 

16.10.30 

9 months .. 

6 3 

8 4 

21 6 

11 6 

15.1.31 

12 months .. 

5 9 

7 4 

17 5 

9 5 


The difficulties of sampling bulk packages are responsible for some 
apparent discrepancies in the above table. It will be seen that storage 
losses (probably due to oxidation) are very considerable. There is some 
evidence to show (Section vi) that the losses in moist packed apricots 
are much greater than this. 

(vi) Reprocessing of Apricots ,—^During recent years, a moist pliable 
apricot rather than a bright dry one has been in keener demand on the 
London market. In order to produce the former article, re-processing is 
a standard packing shed procedure in California and South Africa. 
After deliverer, at the packing shed, the fruit is moistened either by 
steaming or immersion and is then re-sulphured. This latter step is 
there considered necessary in order to prevent excessive darkening of the 
moistened fruit. 

By arrangement with the authorities of ‘‘ Australia House,” samples 
typical of dried apricots being sold on the London market were collected 
in June, 1931, and forwarded in sealed containers to Merbein for exami¬ 
nation, the results of which are given in Table 6. 


Table 6. 


Sample. 

(’.olour grade 
(Max. b). 

SO, content. 

M 



(grnins/lh.) 


Californian— 




Kxtra Fancy Tilton 


5 2 


Fancy Tilton 


5 0 

1 

Extra Choice 

44 

8 1 

r 

Choice 

3i 

2 5 

J 

South African— 




Three Diamond Royals 

3* 

5 7 

\ 

Two Diamond Royals 

3 

4 8 

/ 

Australian— 




Four Crown 

6 

6 6 

I 

Three Crown 

4 

6 6 


One Crown 

3* 

3 2 

j 


Moisture content. 


} 21 1—23% 


16 0% 
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The Australian apricots contained approximately 5 per cent, less 
moisture than the Californian and South African samples. 

In Australia, however, owing to the fact that the apricots, when 
delivered at the packing sheds, contain a higher SOj content than similar 
Californian fruit, it might be expected that some modification of pro- 
•cedure might be required to prcKliice the more pliable and moister fruit 
in question. 

In order to determine whether re-sulphuring might result in an 
increase in the SO. content above the statutory limits, tests were carried 
out to determine the absorption of SOjj on re-sulphuring. From the 
results which are given in Table 7 below, it was found that the amount 
absorbed was related to the moisture eont(*nt of the fruit (increasing 
with that content). 


Table 7. 


Sninple 

Xo. 


i so, content attcr 
Moisture cxmtciit. ' throe hours’ 

I ro-Mulphiirinp. 


I 

'2 

a 

4 

.) 


Per cent j (graina/Ih.) 

22 : 9 9 

25 ' 11 5 

32 14 0 

36 i 14 1 

44 I 13 1 


(3<>tk.- 'I'he Initial SOj c<mteiit of thn bulk .ninidns wa-* 8’1 (tmln./lb ) 


(vii) Storage Tests. —Over-sulphured fruit may be reduced in 
SO 2 content by treatment with oxidising agents of which hydrogen 
peroxide and sodium hypochlorite solutions have been used. A series 
of sodium hypochlorite solutions containing from 0.1 to 0.5 per cent, of 
available chlorine were prepared and in these the dried apricot samples 
were immersed for 15 minutes. By this method a series of samples with 
varying SO 2 contents ranging from 3 to 9 grains per lb. were obtained. 
Each sample was adjusted to a 20 per cent, moisture content, and half 
of each was re-sulphured. Representative samples were forwarded to 
London and Melbourne in April, 1931, and returned at the end of the 
year. All showed a considerable colour deterioration which was greater 
in the case of those returned from London. Only those with the original 
sulphur dioxide content of 9 grs. or more of SO 2 retained a colour suit¬ 
able for the trade. Typical losses in SOg content are shown below:— 


Table 8. 


! 

Sample No. | 

Treatment. 

1 

' so, content after 
treatment as almve 
in April. 1931 

SO, content in December, 1031. 

Merbeln. 

Melbourne. 

London. 

1 

i 

Re-sulphured 

7-5 i 

4 1 

1 7 

1 1 


Not re-sulphured 

5 0 

1 9 

0 7 

0 9 

2 

Re-sulphured 

9-8 

a 3 1 

7 3 j 

2 5 


Not re-sulphured 

8 2 

4 0 1 

I 

3 4 j 

1 ! 

2 9 


(Note.- -All flgiircA are in grainH per lb.) 
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On arrival, the moisture content of the London samples averaged 
20 per cent., the Melbourne samples 18 per cent. There is a very 
considerable and irregular loss in SO 2 , which appears to be greater in 
the case of the London samples. 

In a similar larger scale experiment, hulk samph's w(*re sent to 
London and returned while similar samph^s wore n^tained in sealed 
containers in Merbein. 


Table 9. 


Treatment. 

liOmlon ’4am pies. 

Merbein sample**. 

SOj content. 

Quality 

(Colour). 

Moisture 

Content. 

SO, content. 

Quality. 


Kralns/lb. 



grains/lb. 


1. Moistened to 20% 






moisture 8 grs./lb. SOj 

1 .3 

3 

21 0 

1 0 

31 

2. As in 1, but re-sulphuring 






11 grs./lb. SO 2 

2 4 

3i 

23 5 

4 9 

H 

3. Control untreated 11% 

1 





moisture 12 grs./Ib. SO 2 

1 

* • 


2 6 

4 


Further samples containing 8 to 14 grains of SO 2 per lb. were stored 
at an approximate moisture content of 20 per cent, and, on later exami¬ 
nation, it was found that at least 10 grs. per lb. at the outset were 
necessary in order to retain a suitable colour. In these tests, the 
apricots were moistened by short immersion in water at a temperature 
of approximately 180 deg. F. In general, re-sulphuring resulted in the 
production of a slightly brighter fruit. In considering these tests, it 
has been borne in mind that they are very severe, involving two sea 
voyages and an eight months’ storage. Normally, Australian fruit is 
disposed of within a few months. 

Various methods of rc-processing for a moist pack have been 
employed. Steaming in special chambers is the standard method when 
re-sulphuring is employed. Innnersion in hot water at 180 deg. F. is 
also practised. Another method employed is to treat the fruit with 
a cold 3 per cent, paraffin emulsion in a washing machine; this increases 
the moisture content, and also tends to assure a high degree of immunity 
from later infestation of dried fruit pests. 
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The Effect of a Soil Mulch on Soil Temperature. 
By E. S. fVest, B.5c., M.S* 

In a previous issue of this Jounml (Vol. 3, p. 1930), MS. 
discussed the efTect of a soil mulch on the quantity^ of water lost from 
a given soil by evaporation. The report that follows is somewhat com¬ 
plement-ary to that discussion, and it is accordingly printed below.—E d. 


Sumnnary, 

The loose layer of soil at the surface caused by cultivation has a lower heat 
diffusivity than the compact soil. In the case investigated, it is deduced that 
.the heat, diffusivity was reduced to 0.17 of that of the original compact noil. 
"J his results in the soil temperature wave of cultivated soil being markedly 
damped, when compared with that of the uncultivated soil for any particular 
depth below the cultivated layer. In the cultivated layer itself, the temperature 
wave at the surface has a greater amplitude than the temperature wave at 
the surface of undisturbed soil, but at the bottom of the cultivated layer the 
amplitude is much less in the cultivated soil than at a similar depth in the 
uncultivated soil. The mean temperature during the summer montfis, down to a 
depth of 60 cms., was about 2® C. cooler in the cultivated soil than in the 
undisturbed soil. 


I. Introduction. 

It is to be expected that a soil mulbh, that is, a loosely cultivated 
surface layer of soil, should have some offect on the soil temperature, as 
soil in a loose condition is obviously a'^poorer conductor of heat than 
compact soil. ' 

The phenomenon of the conduction of heat through soil was investi¬ 
gated by Pattenf; Keen and RussellJ investigated the trend of the soil 
temperature at !]^thamsted at 6 iiwAies deep, and its relation and 
dependence on sunshine, wind, and ot weather factors; and Taylor§, 
working in Egypt, investigated the dftily and seasonal temperature wave 
at different depths and the relation between the waves at various 
depths. 

The question of the effect of cultivation on the soil temperature, 
though of obvious importance, particularly under such conditions as the 
bare fallow of the Australian wheat farm, and in clean cultivated 
orchards, does not seem to have been investigated before, so that records 
have been kept at the Commonwealth Research Station, Griffith, of 
the soil temperature at different depths, both in cultivated and 
uncultivated soil, weed growth being prevented in both cases. 

2. Experimental Procedure. 

Two adjacent plots on uncultivated, undisturbed land, each 18 feet 
X 9 feet, were marked out. Thermometers were placed at depths 16 cms., 
30 cms., and 60 cms. at each end of each plot, in positions 4^ feet from 
the ends and sides of the plots. The bulbs of a two-bulb NTegretti and 

• Offlrcr-In-c'iarRo, Commonwealth R»‘4rarch Station, Grlflnth. 

t Patten, H. B. “Heat Transference In Soils." IT.S.D.A. Bur. Soils, Bull. 59 (1900). 

t Keen, B. A., and Russell, E. J. “The Factors Influencing Soil Temi)erature.“ Jour. Aaric, 
Sci. 11 : 212-239, 1921. » i v . 

I Taylor, E. M. “ Soil Temperatures in Egypt.” Jour. Agrie. Sci. 18; 90-122, 1928. 
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Zambia soil tliermograph were also placed, one in the centre of each 
plot, at a depth of 15 cms., and the bulbs of a second similar instrument 
were placed at 30 cms. in the centre of each plot. 

The thermometers were ordinary chemical mercury instruments 
abou*^ 17 cms. long, graduated from 0° C. to 60° C. in wide graduations, 
the li^graduatic being about 3 mms. long. This meant that the 
mercu^ column wa.-* rather sluggish, which was an advantage, as it 
prevented undue alteration while reading. In placing the thermometers 
in position, a hole was driven into the soil with an iron rod. The 
bottom part of the hole was formed by the use of a rod of smaller 
diameter and shaped at the end to the same shape as that of the 
thermometer. When placed in position, the bulb of the thermometer, 
therefore, fitted snugly into the soil. A casing of glass tube was then 
placed in the upper part of the hole to prevent soil falling into it. 
In the case of the 30 cms. and 60 cms. depths, glass rods were attached 
to the end of the thermometers by means of rubber tubing, to permit 
the ends and sides of the plots. The bulbs of a two-bulb Negritti and 
of the lowering of the thermometers to the correct depths. As the 
bulbs of the thermometers are about 15-17 mms. long, the holes were 
made of such depths that the centre of the bulb corresponded with the 
depths desired. The thermometers were read by quickly raising them 
until the mercury column was visible and noting its position. Headings 
were taken to 1-10th of a degree. 

The 15 and 30 cms. thermometers were read twice daily at the 
times of the maxima and minima temperatures, but as the temperature 
wave at 60 cms. is so small, the temperature at that depth was read only 
once a day, at 9 a.m. The maximum temperature for any depth occurs 
at a definite time after the sun is in the meridian, and occurs at 6 p.m. 
for the 15 cms. and 10 p.m. for the 30 cms. The times of the minima 
temperatures depend on the time of sunrise and so varies throughout 
the year.* The time for each depth can be readily determined by the 
time of sunrise, hut it was fo* '^d more convenient to observe the time 
from the thermograph for the ^5 and 30 cms. depths. 

The plots were set up in June, 1929, and allowed to remain undis¬ 
turbed until 22nd Aumist, 1929, in order to allow them to settle down 
under the infiuence of the weather. The temperatures, however, were 
recorded. One plot was then carefully dug to a depth of 10 cms., and 
a fine mellow mulch was maintained thereafter. This caused the surface 
to rise 3 cms. Datum pegs had previously been put in, so that the 
original levels of both plots could be referred to, if desired.f After 
rains, the soil of the cultivated plot was stirred to maintain the mulch. 
Weed seedlings were plucked from the uncultivated plot as soon as they 
appeared. In the case of the cultivated plot, the stirring of the soil after 
heavy rains kept down the weeds. 

3. Discussion of Results. 

Figs. 1 and 2 show typical soil temperatures for the 15 cms. and 
30 cms. depths, respectively. It is to be noted that the wave in the 
cultivated plot has a slight lag and is greatly damped, compared with 
that in the uncultivated plot. 

• Taylor, E. M., loc. cit. 

t It 1 b to be understood that the depth in the mulch plots refers to the depth from the original 
surface level before cultivation and not the depth from the new surface level. 

C.11443.—3 
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Yiq, 2.—Soil temperatures 30 centimetres deep. 






Temperature in Degi 
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Fig. 3.—Daily mean soil temperatures 
at 15 centimetres. 



Fig. 4.—Smoothed curves showing trends of mean soil temperatures from 
Ist July, 1930, to 30th June, 1931. 
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The mean daily temperature* recorded by each thermometer was 
plotted throughout the period of the experiment. At all times, the 
graphs of the duplicates ran close together, though those for the 
different depths and in the cultivated and uncultivated soils diverged. 
The mean daily temperatures determined by the thermometers also 
accorded with the data obtained from the thermographs, so that the 
data submitted can be taken as an accurate record. 

Fig. 3 shows the mean daily temperatures for 15 cms. depth for 
both the cultivated and uncultivated plots, for a period in the spring. 
The excessive fluctuations which rather obscure some of the properties 
of these curves are smoothed out in Fig. 4, which shows smoothed 
curves for a typical twelve-month period.f In Fig. 4, the ordinate for 
each day is the mean temperature for the three-week period, of which 
that day is the median. That is, to obtain the ordinate for the smoothed 
curve for the 15 cms. of the mulch plots for 11th March, the arithmetric 
mean of the mean temperatures for each day of the period from 1st 
to 21st March inclusive was found. Each daily mean is the mean 
of the mean temperatures determined from the two chemical ther¬ 
mometers and the thermograph, so that, 21 x 3 x (max. -f- min.) 
= 126 readings are used in obtaining each ordinate in Fig. 4. 

Considering, first of all, the graphs for the uncultivated plot, 
all the well-known features of the seasonal temperature wave are readily 
recognized, namely, the increasing temperature gradient with depth 
in the winter, the decreasing gradient in summer, and the crossing over 
of the graphs in March and late August, when the mean daily tem¬ 
peratures at these depths are uniform. The damping out and lag of 
the lesser fluctuations in temperature with depth is also evident. 

Considering the effect of the soil mulch on the trend of the soil 
temperature, it is seen from Fig. 3 that, immediately after the soil 
mulch was made on 22nd August, the soil began to warm up more 
quickly in the uncultivated soil than in the cultivated soil at the three 
depths recorded, so that, during the summer months, the temperature 
at the 15 cms. depth is usually about 3° C. warmer in the uncultivated 
soil than in the cultivated soil, and even at the 60 cms. depth, the 
uncultivated soil is about 2^ C. warmer than the cultivated soil. During 
the cool changes in the summer, the differences in temperature are 
inclined to be a little less, due to more rapid cooling of the uncultivated 
soil. In the autumn, the uncultivated soil cools more rapidly than the 
cultivated soil, so that, in the beginning of the winter, i.c., about May 
or June, the temperatures are the same in both cultivated and uncul¬ 
tivated soils. During the winter, there is a tendency for the temperature 
on the cultivated soil to fall below that of the uncultivated soil, but 
this tendency is largely obliterated by the winter rains. The effect of 
heavy rains is to cool the surface layers of the soil, and, at the same 
time, to bring the cultivated and uncultivated soils to approximately the 
same temperature. As the capacity for heat of the water retained by 
soil after a heavy rain is two or three times as great as that of the 
dry soil, the comparatively small differences in temperature of the culti¬ 
vated and uncultivated soils are largely swamped out. The large cooling 
effect of the evaporation of water from the surface after the rain 

* The arithmetric mean of the maidmum and minimum daily temperature is taken as the dally 
mean temperature. Actual calculations fK»m the thermof?raT'h records for both the 16 and 30 cms. 
depths showed that this was In fact a very close approximation of the true daily mean. 

t Data are available for a period of three years, but those for the other two years are similar in 
all essential details to those for this twelve-month period. 
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would also tend to swamp the original differences in temperature. For 
the three years, the mean temperatures for the three summer months, 
namely, December, January, and February, were as follows:— 


- j Uncultivated Soil. 

Cultivated Soil. 

Depth 15 cms. .. .. .. 

30.10° C. 

27.31° C. 

„ 30 cms. 

29.17° C. 

26.92° C. 

„ 60 cms. 

27.73° C. 

26.86° C. 


Similar data for the six months, October-March inclusive, were— 


— 

Uncultivated Soil. 

Cultivated Soil. 

Depth 16 cms. 

27.23° C. 

24.81° C. 

„ 30 cms. 

26.42° C. 

24.63° C. 

„ 60 cms. 

26.58° C. 

23.77° C. 


As there is such a marked difference in the soil temperature at the 
depth of 60 cms., it is quite obvious that cultivation must have a big 
effect on the soil temperature to much greater depths, in fact, it appears 
evident that the temperature to the total depth of soil of chief agri¬ 
cultural interest, i.e., the depth to which the greater proportion of the 
roots of most plants penetrate, is appreciably affected by the loose layer 
of soil created by cultivation. Whether this is an advantage, or other¬ 
wise, to plants, probably depends upon the type of plant grown, as the 
maximum daily temperature at 15 cms. seldom rises about 40^^ C., even 
in the uncultivated soil, which is about the optimum soil temperature 
for many summer growing plants. It is improbable, however, that the 
soil temperature effect of cultivation would have an appreciable direct 
effect on the plant. 

In order to examine, in more detail, the insulating effect of the 
mulch, a further set of thermometers was set up in two plots, imme¬ 
diately adjacent to the original plots. One plot was stirred to a depth 
of 10 cms. and a line of thermometers was placed in each plot, 5 cms. 
apart and every 2 cms. in depth in the uncultivated from 2 to 24 cms., 
and in the cultivated soil from 0 to 22 cm^.* Readings were taken 
€‘very two hours from 6 a.m., 24th February, 1932, to 10 p.m., 25th 
February, 1932, the thermometers having been set up a day or two before 
this period. When placed in position, the mercury column was visible in 
the thermometers to the 12 cms. depth, so that these were placed in 
position withoqjt a glass casing. In the case of the lower depths, a 
glass casing whs used near the surface. 

As the bulbs of the thermometers are 2 cms. long, the reading of 
the thermometers placed at any particular depth, for example, 10 cms., 
is actually due to a kind of mean temperature for the depth 9-11 cms. 
rather than the temperature at the 10 cms. point, but for the purpose of 
the following comparison this would not seem to affect the issue. 

Figs. 6 and 6 show the series of temperature waves obtained by 
plotting the temperature against the time for each depth, in the unculti¬ 
vated and cultivated plots, respectively. A comparison of these figures 

* As the surface of the cultivated soil rose 3 cms. In height, the thermometer at depth 0 cms. 
though 10 cms. above the undisturbed soil, was 8 cms. below the new surface of the stirred soil. 
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Fid. 5.—Tem{)erature-time curves for different depths 


in uncultivated soil. 



6 8 10 12 14 16 18 20 22 24 2 4 6 8 10 12 14 16 18 20 22 

Fig. 6 . —Temperature-time curves for different depths 
in cultivated soil. 
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Fig. 7.—Temporatnro-doptli curves from 6 a.m., 24th February, 1932 (6)^ 
to 6 a.m., 2.')tli February, 1932 in uncultivated soil. 



PiQ 8.—Temperature-depth curves from 6 a.m., 24th February, 1932 (6' 
to 6 a.m., 26th February, 1932 (6 a), in cultivated soil. 
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at once shows that the diurnal temperature wave at the surface of the 
cultivated soil has a much bigger amplitude than that of the unculti¬ 
vated soil. That is, that the surface of the cultivated soil gets warmer 
during the day and colder during the night than that of the uncultivated 
soil.f However, owing to the difference in heat diffusivity of the 
cultivated layer to that of the compact soil, the wave is damped out 
with depth much more quickly, as illustrated by the bigger spaces 
between successive maxima and minima in the first 10 cms. of cultivated 
soil. As a result of this, the wave at the 10 cms. depth (bottom of 
mulch) has a much smaller amplitude than that at the same depth in 
the uncultivated soil. The loose mulch has a lower diffusivity of heat 
than the compact soil, so that, on warming up the surface, heat moves 
down more slowly when the surface is cultivated, and the surface, there¬ 
fore, becomes warmer than is the case in compact soil. During the 
night, heat moves more slowly to the surface from below to replace 
heat lost by radiation, so that, the surface cools more on the cultivated 
soil than on the uncultivated soil. However, due to the lower diffusivity 
of the soil, the wave is damped out much more quickly when the 
surface is cultivated. These relationships are made evident in con¬ 
sidering the ratio of the amplitudes of the successive temperature waves 
as in Table 1. 

^ ^ Amplitude at Depth x cms. 

Table 1, showing the Ratio ^ -=r-;—- 

Amplitude at Depth x + 2 cms. 


For Uncultivated and Cultivated Plots. 


Depth in 
Centimetres. 

Uncultivated. 

Cultivated. 

Amplitude. 

Ratio. 

Mean Ratio. 

Amplitude. 

Ratio. 

Mean Ratio. 

0 




36 6 








0'76 



2 

27 6 


i 

28 0 






0-70* 

' 



0 73 



4 

19 2 




20'5 






0-86 



- 

0 61 


1 0-71 

6 

16 6 



1 0 87 

12 4 






0 90 


f 


0-71 



8 

15 0 



; 

8-7 






0 86 


1 


0 73 



10 

12 9 



6 4 





0 88 




0 89 



12 

11*4 




6 7 






0-89 




0 79 



14 

10 2 




4-5 






0 81 




0 89 



10 

8 4 




4 0 



1 0 87 



0 81 


1 0 83 


0 90 



18 

6 8 




3 6 






0*81 




0 86 



20 

5 6 




31 






0-87 




0-87 



22 

4*8 




2 7 





0 77 






24 

3 7 







Note. —* The thermometer at 2 cms. depth was so close to the surface that the bulb was almost 
visible. l*robably the mercury was partly heated and cooled by direct radiation, which caused an 
exaggerated amplitude for the 2 cms. wave (Pig. 5), which would tend somewhat to depress this 
ratio. 


t This is manifest in frosty weather when it will be observed that frost appears on cultivated 
land before it appears on bare, uncultivated soli. 
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If the soil were uniform with respect to conductivity and specific 
heat throughout its depth, these ratios should be constant. It is to be 
seen that the ratios in the uncultivated plot and undisturbed soil of the 
cultivated plot are approximately constant at 0.85. In the case of the 
cultivated portion, however, the ratio is approximately constant at 0.71, 
which means that the diffusivity, i.e., the ratio conductivity divided by 
specific heat” is less in the cultivated portion. From these ratios, it 
is possible to^ obtain some idea of the influence that the cultivation had 
on the diffusivity of the surface 10 cms. of this soil:— 

Consider the two equations:— 



Ittt 


and 


where k 


T = time period of temperature wave 
A wave length. 

Combining the two equations 



putting log 


T * 

then kf]/^ = kc 2 

where the subscripts c and m refer to the compact and cultivated 
(mulch) soils, respectively. 

Using the figures obtained above for the ratios, viz., 0.87 for that 
of the compact soil and 0.71 for that of the cultivated soil, it appears 
that the diffusivity of the cultivated soil is 0.17 times that of the 
compact soil. 

The effects of the cultivated layer are well brought out in Pi^. 
7 and 8, which show the temperature-depth curves for different times in 
both the uncultivated and cultivated soils. These series of curves may 
be considered to sweep from one extreme position at the time 6 o’cIock 
to the other extreme position at 16 o’clockf and then back again, but 
during the morning, as at 8 a.m., the soil is still cooling at the lower 
depths, while warming near the surface, as is evident from the positions 
of the 6 and 8 o’clock curves, while during the afternoon the soil is 
cooling near the surface and still warming up below, as is evident from 
the 15 and 16 o’clock curves. It may be noted that when two curves 
representing consecutive time intervals cross, it represents a maximum 

• Keen, B. A. “ The Phyelcel Properties of the Soil.” Longman, Green, and Co., pp. 810-811 
(1981). 

t Actually, the maxima at the surface occurred at 2 p.m. « 14 o’clock, but, unfortunately, this 
. reading was missed. It is seen that the curve 15 o’clock has already begun to sweep back. • 


0 , - '27t(x ^ - X,)* 

e, A “ 

= the diffusivity 

== the ratio of the amplitudes of the temperature waves at depths 
and X . 
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in the temperature wave at that depth (Figs. 5 and 6), if the curve 
representing the later time crosses the other from left to right going 
^own, and a minimum if it crosses from right to left going down. 

Where the temperature depth curves are vertical it means that the 
temperatures are uniform at these depths at this time, as in the 12 
o’clock curve (Fig. 8) from depths 12 to 22 cms. (see also the curves 
for these depths at 12 o’clock in Fig. 6). The distance between the 
extreme curves at any particular depth shows the amplitude of the 
aoil temperature wave at that depth, and the slope of curves at any 
depth shows the temperature gradient at that depth and time. Keeping 
this in mind, the effect of the stirring of the soils is at once evident, 
Jby comparing Figs. 7 and 8. The amplitude of the temperature wave 
is greater at the surface of the cultivated soil than that of the unculti¬ 
vated soil, but the temperature gradients at the times of the minimum 
nnd maximum surface temperatures are much steeper in the cultivated 
soil than in the uncultivated soil, so that, at the depth of 10 cms. 
(depth of cultivation) the amplitude is much smaller in the cultivated 
soil than that in the uncultivated soil. The curves in Fig. 8 consist of 
two portions, that above the 10 cms. depth (depth of cultivation), where 
the slopes are greatest, and that below the 10 cms. depth, ^here the 
slopes are small. Breaks in the curves occur at the 10 cms. depth. 


4. Conclusion. 

In this experiment, the temperatures in a bare undisturbed soil 
nre compared with those in a cultivated soil. Where vegetation is 
allowed to grow, the conditions would be different, and the effects would 
largely depend upon the type of vegetation, whether green or dry, 
abundant or sparse, &c., but in general one would expect the same type 
of effect as with the cultivated layer of soil, viz., the damping of tne 
daily and seasonal wave, causing a lower summer soil temperature, 
compared with that of the bare undisturbed soil. 
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Radio Research Board: Fourth Annual Report 
(for Year ended 30th June, 1932). 

'J'lie Radio Kosearch Board of the Council is constituted:—Professor J. 

P. Madsen (University of Sydney), Chairman; Mr. H. P. Brown (Director- 
(reneral, J*ostmaster-(loneral’s Department) ; Klectrical-Commandcr 
(1. (’reswell (Department of Defence) ; and Professor T. H. Laby 
(University of Melbourne). Its previous annual report was published 
in this Journal (Vol. 4, No. 4, November, 1931 ).—Ed. 


1. General. 

Throughout the period under r(‘vie\v, the work of the Board ha« 
been concentrated on two main lines, namely:—(i) fading and Heaviside 
Layer work, and (ii) atniospheric>s. 

The staff of tlie Board has d(‘clined still further, Dr. L. G. H. 
Huxley resigning in September, 1931. This loss of staff, however, has 
been offset by the services of two University research workers being 
kindly made available to the Board by the co-operation of 
the authorities concerned. These stu^lents are Mr. H. B. 
Wood, of the University of Sydney, and Mr. W. J. Wark, 
of the University of Melbourne. Towards the close of the 
year. Professor Madsen and his staff were able to complete 
the ei*ection of an experimental emitting station in the P. N. Russell 
Engineering School of the University of Sydney. The transmitter is 
capable of delivering a power of approximately 1,000 watts into^ the 
aerial, and has been specially designed for the fading and Heaviside 
Layer work of the Board. 

2. Work on Fading and the Heaviside Layer. 

Throughout the period under review, the studies of fading and the 
Heaviside Layer have been continued in Victoria and in New South 
Wales. 

In the previous report, it was mentioned that some work was in 
progress on the method proposed by Dr. Martyn for estimating ^ the 
height of the Heaviside Layer at various times and under various 
atmospheric conditions. For various reasons, progress has been delayed, 
but the investigations are now being continued. 

The classification of the different types of fading that occur naturally 
is obviously of considerable importance from the point of view of the 
systematic development of means of mitigating the troublesome effects 
of the phenomenon in question. Work of this nature done to date has 
resulted in a considerable amount of information regarding conditions 
of radio reception in Australia. Much of this information is contained 
in the Board’s Report No. 4 (published as the Council’s Bulletin 63). 
In Victoria, many observations have been made at distances up to 200 
kilometres from the emitting stations (generally 3LO and 3AR), 
some at much greater distances, the emitting stations in these cases being 
located at Sydney, and the observations being made at Gembrook (Vic.). 
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The apparatus used for observations on the Victorian stations consisted 
of a simple type of valve voltmeter, and a continuous photographic 
recorder. Observations were made simultaneously on two separate 
aerial systems, one a loop aerial, and the other a vertical aerial. It was 
found possible to separate the two aerials by 20 or 30 feet without 
affecting the identity of the signal picked up. This greatly simplified 
the technique, since the separation was sufficient to prevent electro¬ 
magnetic coupling. 

Observations at distances of 500 to 1,000 kilometres from the trans¬ 
mitting station have shown that two types of fading occur, namely: 
(i) slow fading of a regular period ranging from two to thirty minutes; 
and (ii) quick fading superposed on the slow fading, and of smaller 
amplitude, but of more regular period. 

The results of the observations at distances up to 200 kilometres 
from the emitting station showed that fading was not entirely erratic in 
character. Three types of regularity were found:— 

(a) Slow fading of period one to five minutes, and having an 

amplitude such that the signal intensity ranged from less 
than half the steady day value to almost double that value. 

(b) Quick fading of period five to thirty seconds, and of ampli¬ 

tude less than half that of slow fading. 

(c) Periodic fading, Avhich appears most often in the period from 

one or two hours after sunset, is of remarkably pure 
sinoidal form, and has a larger amplitude than quick 
fading. 

Slow fading was found to be due to interference between the 
ground ray ana a ray reflected from the lower Heaviside Layer. Quick 
fading Avas attributed to similar interference produced by the upper 
ionized layer, while the mechanism of periodic fading could not be 
analysed further than the fact that it Avas a lower layer phenomenon. 
In many cases, however, particularly at the nearer receiving sites, it 
was found that anomalous results were obtained. In these cases, the 
fading was not in phase on the two aerial systems. Moreover, it 
was repeatedly found that the height of the Heaviside Layer, as deduced 
from the angle of incidence of the down-coming wave, Avas definitely 
lower than that obtained by other methods of measurement, such as the 
Appleton frequency-change method. Only two possible explanations 
of these anomalies could be found, namely:—(i) imperfect conduc¬ 
tivity of the ground, and (ii) lateral deviation of the sky wave, i.e., 
propagation on a plane other than the vertical plane through transmitter 
and receiver. Experiments were conducted over sea water, which has 
a considerably higher conductivity than soil, but the anomalies still 
persisted. It was, therefore, concluded by a process of elimination that 
there existed a considerable amount of lateral deviation of the sky wave. 

Hitherto, it has been assumed by those investigating their propaga¬ 
tion, that radio waves on broadcast frequencies are not deviated laterally, 
but the evidence on which this assumption is based is far from conclu¬ 
sive. Moreover, the theoretical work of Dr. W. G. Baker, whilst he 
was a member of the staff of the Eadio Eesearch Board, suggests that 
the asymmetry introduced by the earth^s magnetic field might well be 
responsible for a lateral deviation of sky waves. 
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A method depending on the taking of simultaneous observations of 
natural fading on three aerial systems was accordingly developed to 
measure, among other things, this lateral deviation. As a result, clear 
evidence of the lateral deviation of the sky wave has been found. 
The method has been adapted to the frequency-change technique of 
Appleton, thus rendering it possible for observations to be made on all 
the constants of the down-coming ray, including its lateral deviation, 
irrespective of the degree of turbulence of the Heaviside Layer itself. 
This work will be undertaken, using the new experimental emitting 
station at the Sydney University. 

Studies of the heights of the Heaviside Layer at various times, 
and of the polarization of sky waves after reflection from the Layer, 
have been continued. The results of this work, which was carried out 
mainly at Jervis Bay, have been published as the Board^s Reports 
Nos. 2 and 3 (issued as the Councils Bulletins 59 and 60 respectively). 
It was found that the polarization of the down-coming rays at the time 
of observation—which was necessarily near sunrise—was fairly constant. 
This suggested—an assumption which was also to a certain extent 
supported by theoretical considerations—that such a condition of 
polarization might hold for other periods of the day or night, in which 
case it would be possible to control fading at moderate distances from 
the transmitter by balancing the abnormal component of the down- 
coming ray against the normal. Trials carried out at Liverpool, how¬ 
ever, indicated that such conditions did not hold, and it was realized 
that the state of polarization of the down-coming rays at different times 
of the day required further investigation. 

This work required a special technique, the development of which 
has been considerably helped by the fact that the studies of fading in 
Victoria have shown that the necessary different types of aerials could 
he used at the receiving site, provided they were suitably spaced. A 
method has accordingly been developed involving simultaneous observa¬ 
tions on three different aerials at JJverpool. Special attention has 
been given to tlie sky wave and to its reception on different types of 
aerials. Already various novel properties of different types of aerials 
have been noted. For example, a short horizontal antenna was found 
to have marked directional properties, being rather better in this 
respect than a loop aerial. 

3. Work on Atmospherics. 

(i) Equipment .—In last yearis report, a description was given of the 
method of observing atmospherics using two cathodc-ray direction¬ 
finders, one located at Mt. Stromlo, near Canberra, and the other at 
Laverton, near Melbourne, the base line being approximately 300 miles. 
The two observers are able to communicate with short-wave remote- 
controlled transmitters working on 43 metres, so that directions of 
individual atmospherics can be observed simultaneously at the two 
stations, and their origins located by plotting the bearings. The work 
on those instruments has been carried out on wavelengths between 3,000 
and 30,000 metres, but mainly on 3,000 metres, and mostly by day. In 
most cases, the intensities as well as the directions of the atmospherics 
have been observed. 
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Early in the present year, a new type of cathode-ray oscillograph 
(designed by von Ardenne) was installed at the Laverton station. 
Owing to its better focussing and brighter spot, more accurate observa¬ 
tions of sizes and directions of atmospherics and of their characteristics 
can be obtained. Another such tube is being used at Laverton on an 
auxiliary receiver to give the intensities on 300 metres, or thereabouts, 
of atmospherics observed simultaneously on the cathode-ray direction¬ 
finder on 30,000 metres. 

A continuous directional recorder for atmospherics, which was 
designed and constructed by the British Kadio Research Board, has 
been in use at the Mt. Stromlo station for a year. This instrument uses 
a rotating loop aerial system, and the signals after amplification activate 
an oscillograph. The end of the oscillograph pointer carries a siphon 
pen which records on a paper chart on a rotating drum, and the arrange¬ 
ment of the amplifiers is such that each atmospheric received produces 
a vertical upward kick of the pen. 

(ii) Results ,—It was stated in last year’s report that all the 
atmospherics observed appeared to be due to lightning strokes generally 
occurring in thunderstorms, and that atmospherics appeared to have 
much the same size at their origin, so that variations in the observed 
intensities were due mainly to attenuation in the paths. In other words, 
if we regard each atmospheric as being produced by a natural trans¬ 
mitter, then all these transmitters operate with the same order of 
power. These conclusions have been confirmed by all the more recent 
work. 

The average intensity of a source of atmospherics has been taken 
as the mean of a number of typical individual atmospherics in it, and 
when these mean intensities on 3,000 metres for a number of sources are 
plotted against the distance of the corresponding sources as located by 
the direction-finders, the points are found to lie closely along a mean 
curve representing the variation of intensity with distance from 50 to 
1,500 miles. The most marked deviations from the curves are for those 
cases in which the transmission path is (i) over heavily-wooded ranges 
and the attenuation is exceptionally great, and (ii) over sea, where, as 
would be expected, the attenuation is least. 

The observations have indicated that for a given atmospheric, the 
intensity observed on a receiver of given low-frequency response is to 
a first approximation proportional to the wavelength to which the 
receiver is tuned. In addition to this, the attenuation is much greater 
on short wavelengths than on long. This would mean that, other con¬ 
ditions being equal, the longer the wavelength to which a receiver is 
tuned the more the interference from atmospherics. As mentioned 
previously, however, observations are now in progress to extend the 
knowledge of the intensities to the shorter wavelengths of the broadcast 
band using an auxiliary receiver on 300 metres. 

A year’s charts from the recorder have been analyzed and considered 
in conjunction with (i) the cathode-ray direction-finder observations, 
(ii) meteorological reports, particularly of thunderstorms in and near 
Australia, and (iii) Brooks’s charts of the distribution of thunderstorms 
over the earth. 
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The use of the cathode-ray direction-finder observations on shorter 
wavelen^hs down to 3,000 metres has enabled the nearer sources to be 
distinguished from the distant ones. It has been found that the sources 
fall into two fairly distinct types:—(i) regular, which occur in the 
same direction at the same time almost every day over several months 
of the year; and (ii) irregular, which show no marked period of 
recurrence in either direction, time, or duration. 

The combined evidence of direction, diurnal variation, and seasonal 
variation, and of observations of close sources, establishes quite 
decisively that the regular sources are in the tropical areas of great 
thunderstorm activity. 

In the local summer months, September to March, one of these very 
active areas exists in the north of Australia, so that it has been possible 
to observe with the direction-finders the sources (i.e., the most active 
centres) there, and to record the intensities and frequency of occurrence 
of atmospherics in such sources, the latter being generally at least 60 
per minute, giving an almost continuous disturbance in a receiver. 
This area is naturally the most serious as regards interference with 
radio reception in Australia. The area includes j^ew Guinea and Java 
and the surrounding islands, and is active during the afternoon and 
evening, the maximum of activity moving westward with the sun. The 
other main source during this season is in tropical Africa south of the 
Equator. This is the most intense thunderstorm area in the world. 

From April to October, there is little day-time activity to the north, 
but a fairly strong evening source in the direction of the Malay 
Archipelago and southern Asia. The night source from Africa is very 
prominent, but it has now moved to mainly north of the Equator, A 
further source becomes apparent just before dawn in the direction of 
Central Europe and Central America (great circle). Considerations 
of time and thunderstorm activity suggest that this is probably mainly 
from the American area, the atmospherics taking the longer night 
path. This source is no longer apparent after sunrise, probably owing 
to unfavorable transmission conditions. 

The irregular sources again fall into two main classes:—(i) Distant 
sources in directions between N and E, probably due to thunder¬ 
storms over the tropical ocean and islands; and (ii) sources occurring 
within or close to Australia in sub-tropical latitudes and associated 
with areas of low barometric pressure. The frequency of occurrence 
in this last type of source is much less than for the regular ones (partly, 
but not wholly, due to the smaller area) being generally less than 30 
per minute, and may be as low as one or two in five minutes for 
depressions over the sea to the south. 

The sources in the Tasman Sea are particularly reliable as indica¬ 
tions of weather conditions, for practically every depression in this 
region in lats. north of 40° S. has atmospherics associated with it by 
day. In the Australian Bight, the atmospherics from depressions of 
equal intensity are fewer than in the Tasman, but they give useful 
indications of the presence of depressions which are too far south 
for observations by land stations or ships, so enabling more accurate 
forecasting of weather in Victoria and Tasmania. 
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All the evidence obtained as a result of the investigations to date 
supports the belief that, with a few suitably located cathode-ray 
direction-finders, low-pressure areas could be traced as they approached 
Australia from the Indian Ocean and the Australian Bight, and in that 
way considerably earlier information obtained as to their existence 
than is possible by existing methods depending on barometric readings 
from land stations and one or two ships at sea. 

4* Publications. 

The following publications have beem made during the past year 
as a result of the Board’s investigations:— 

Bulletin 59.—Eadio Kescarch Board: Eeport No. 2. 

1. The State of Polarization of Sky Waves, by A. L. Green, 

M.Sc. 

2. Height Measurements of the Heaviside Layer in the Early 

Morning, by A. L. Green, M.Sc. 

Bulletin 60.—Radio Research Board: Report No. 8. » 

1. The Influence of the Earth’s Magnetic Field on the Polariza¬ 
tion of Sky Waves, by W. G. Baker, B.E., D.Sc., and A. L. 
Green, M.Sc. 

Bulletin 6*3.—Radio Research Board: Eeport No. 4. 

1. A Preliminary Investigation of Fading in New South Wales, 

by A, L. Green, M.Sc., and W. G. Baker, B.E., D.Sc. 

2. Studies of Fading in Victoria. A Preliminary Study of 

Fading on Medium Wavelengths at Short Distances, by 
R. O. Cherry, M.Sc., and D. F. Martyn, Ph.D., A.R.C.Sc. 

3. Studies of Fading in Victoria: Observations on Distant 

Stations in which no Ground Wave is received, by R. O. 
Cherry, M.Sc. 

At the present time, the following Bulletin is in the press:— 

Bulletin No. 68.—Radio Research Board: Report No. 5. 

Atmospherics in Australia: I. By G. H. Munro, M.Sc., 
A.M.I.E.E., and L. G. H. Huxley, M.A., D.Phil. 

Several other reports are in preparation. 
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Buffalo Fly Investigations. 

A Note on the Occurrence of Hydrotaea australis Malloch 
in Northern Australia. 


By /. M, Mackerras, B,Sc., M,B., Ch, M., Division of Economic Entomology, 

Muscid flics of the genus Hydrotaea are harmless as adults. Their 
larvae live in dung and are predatory on other Dipterous larvae. It 
is natural, therefore, that the use of these flies should be seriously con¬ 
sidered in attempts to control such j)ests of stock as the stable fly, the 
horn fly, and the buffalo fly, all of which breed in cattle or buffalo dung. 
In 1928, and with this end in view, the Council obtained a consignment 
of Hydrotaea dentipes Fabr. from the Imperial Institute of Entomo¬ 
logy. However, owing to inability to breed this species in captivity, 
permission to liberate was not requested, and the consignment was 
ultimately destroyed by Mr. G. F. Hill, who was in charge of the 
investigation. 

Two Australian species of Hydrotaea have been described, //. 
fuscocalyptrata Macq. and H, australis Malloch.* Nothing was known 
of these beyond the original descriptions, and it was considered necessary 
that some knowledge of their habits, life-histories, and distribution 
should be obtained before undertaking further introductions of predatory 
flies. The present paper gives an outline of our present knowledge of 
H. australis Mall. More detailed accounts of the life history and 
biology of this insect will be published at a later date. //. fuscocalyp¬ 
trata has not been recognized in recent collections. 

Hydrotaea australis Mall, is a small, inconspicuous, dark-grey fly, 
which superficially rather closely resembles both Fannia australis Mall, 
and Antipodomyia hancrofti Mall., with both of which it has been con¬ 
fused in the past. The males are recognized by the presence of two 
strong spines near the apex of the fore femur, and the females by the 
presence of a pair of cruciate bristles in the middle of the frons. In 
addition, F, australis is slightly larger and darker, while A. bancrofti 
is more conspicuously marked with pale grey. 

Adults are found commonly on horses and cattle, apparently feeding 
on the sweat and scurf.” On cattle, they have frequently been mis¬ 
taken for buffalo flies. They were ^ source of considerable difficulty 
during a survey of the distribution of the buffalo fly injNorth Queens¬ 
land, as it was necessary to throw the cattle or run them into a crush, 
in order to bo certain of the identity of the flies. On the beast, they 
rest more horizontally than Lyperosia, their wings are not so iridescent 
and are held at a different angle, and the acute observer can usually 
detect the difference in the proboscis, which in Hydrotaea is of the 
normal Muscid form. They cause no obvious inconvenience to the 
host. 


« Ann, Mag, Nat. But, (9), x}., €67, June, 1023 
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I have long been convinced that inspection of moving cattle is unre¬ 
liable as a method of preventing the spread of the buffalo fly into clean 
country. It is difficult enough to detect buffalo flies, when present in 
small numbers, and the presence of Hydrotaea greatly increases the 
difficulties of the inspector. 

The larvae and puparia are not unlike those of Lyperosia. They 
were first obtained in cattle dung at Wyndham, W.A., by Mr. T. G. 
Campbell, and have since been fund in dung in many localities in 
northern Australia. They occupy the same stage of dung succession 
as the larvae of Lyperosia. The habit of devouring other larvae has 
not yet been actually observed in the laboratory, but Mr. H. Willings 
has reported that, when Hydrotaea larvae are present in a mass of dung, 
the larvae of Lyperosia are scarce. A detailed investigation of this 
point is being undertaken. Puparia of Hydrotaea are attacked by the 
local parasites, Spalangia orientalis Graham and Phaenopria sp., but 
apparently not so readily as those of Lyperosia. From the available 
information, it does not appear likely that these parasites exert any 
appreciable check on Hydrotaea. 

Hydrotaea ausiratis is widely distributed through the area at present 
occupied by the buffalo fly, namely, from Wyndham, in Western Aus¬ 
tralia to the Burketown-Normanton district in North-West Queensland. 
It also occurs in tlie area of potential spread of Lyperosia. I have bred 
it from dung at Springsure* and have seen a number of specimens 
collected and br(‘d from dung by Dr. T. L. Bancroft at Eidsvold, South 
Queensland. Malloch also records it from Kendall on the North-Coast 
of New South Wal(‘S. In North Australia, it occurs throughout the 
year, both in th(5 wet and dry seasons. There is insufficient information 
concerning its seasonal distribution further south, but it appears to be a 
warm weather species. 

There is little doubt that Hydrotaea australis is a useful insect, and 
that it helps to reduce the numbers of adult Lyperosia. It is certainly 
of more use than any of the dung-eating beetles so far discovered, with 
the possible exception of a small species of Staphylinid, Oxytelus sp. 
Its actual economic value is, however, difficult to determine. 

In view of the existence of a well adapted and widely distributed 
native species of Hydrotaea, it hardly seems reasonable to expect that the 
emergence of adult Lyperosia would be appreciably reduced by the intro¬ 
duction of another species of the same genus. 


* Central Queensland. 
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NOTES . 

The Brisbane Food Preservation Research Laboratory. 

In a previous issue (Vol. 5, p. 133, 1932), a brief account was given 
of the programme of work proposed for the above laboratory, which 
was then in course of erection. The laboratory was formally handed 
over by the Queensland Meat Industry Board on the 26th July, 1932, 
and was accepted on behalf of the Commonwealth by the Minister in 
charge of the Council (Senator the Hon. A. J. McLachlan). The 
Board has generously provided, not only the necessary buildings, but 
also th0 full equipment and facilities, such as power, refrigeration, 
gas, &c. 

The buildings so far erected consist of an office and two research 
laboratories, and throe small refrigerahid chambers. This unit, which 
is self-contained, has been built on the seventh floor of the main block 
of the abattoir, and is close to the main slaughter floor from which 
supplies of meat for experimental purposes will be drawn. 

The insulated chambers have been designed especially for a study 
of the chilling of beef, with the view to discovering a method whereby 
Australian beef, as quarters, may be exported in the chilled state to 
Great Britain; the chambers, therefore, will be used initially almost 
exclusively for this purpose. 

In order to maintain relatively constant temperature conditions, an 
insulated air lock has been provided into which the doors of the 
chambers open. The external walls are constructed of brick, and the 
partitions between each chamber of 3-in hardwood. 

The insulation provided generally has been 5-in. slab cork on the 
ceilings, and 4-in. slab cork on the walls. As the ceiling of the sixth 
floor is well insulated, it has been deemed necessary to provide only 
3 inches of cork on the floors of the two chambers in which it is desired 
to maintain strictly constant temperatures. 

The cork insulation has been surfaced and rendered moisture-proof 
by means of i-in. asphalt cement. An attractive appearance has been 
created by finishing the internal walls with several coats of cold-resistant 
white paint. 

One chamber will be devoted entirely to the initial chilling of the 
hot sides of beef, and will therefore simulate conditions which will 
ultimately be practised in meat works exporting chilled beef. This 
side-chilling chamber is 7 ft. 6 in. x 11 ft. 6 in. x 11 feet average height, 
and, as rapid cooling of the beef is desired, it has its own refrigerating 
unit of the wet battery—air circulation type. The battery consists of 
576 feet of 2-in. ammonia-expansion piping, over which sodium chloride 
brine is continually trickled. The chamber is cooled by drawing air 
through the battery and delivering it over a ceiling trunk-way, and 
returning it through trunk-ways placed at floor level; the fan used is 
the multi-vane centrifugal type. This chamber will accommod^ite 
fourteen sides of beef. 
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After the initial chilling of the beef to a temperature of 34° F. 
(approx.), the sides will be cut into quarters and then placed into 
either of two similar chambers having internal dimensions of 8 ft. 6 in. 
X 11 ft. 6 in. X 10 feet average height. Each chamber is cooled by the 
circulation of air over a dry brine-grid battery placed at the wall 
opposite to the door. Brine at either of two desired temperatures is 
supplied from refrigerated tanks placed in an adjacent small room. 
The method of air-circulation is similar to that employed in the side- 
chilling chamber. In these quarter-holding chambers, investigations 
will be made of the physical conditions and composition of the 
atmosphere which will have to be maintained in ships’ holds carrying 
chilled beef from Australia to England, a voyage occupying about seven 
weeks. Accommodation is provided in each chamber for hanging four¬ 
teen quarters of beef. 

The beef for experimental purposes will be brought on special 
trolleys from the slaughter floor, will be hoisted on to the meat rail, 
external to the air lock, and then run into the chambers, each being 
adequately provided with the necessary tracking and switches. 

A unit for the study of the rapid freezing of meat is at, present 
being erected in one of the Meat Industry Board’s cold storage chambers. 
It will consist of a simple sodium chloride brine tank cooled by ammonia 
expansion pipes, and facilities for the immersion of the meat in the 
liquid freezing medium. 

The two laboratories provided consist of a large general room for 
chemical and physical studies, and a small room for bacteriological 
work. The latter is also fitted as a dark room, wherein studies of the 
oxidation of fats may be carried out, since light is a potent catalyst 
in promoting such oxidation. 

While most of the apparatus employed is similar to that in general 
use in chemistry and physics laboratories, for investigations on the 
chilling of beef, the need is a 2 )parent for extensive and accurate 
apparatus for the measurement of temperature, relative humidity, and 
rate of air flow. Of the extensive equipment of this nature, an interest¬ 
ing feature is the dual range, six-point chopper-bar, continuous tempera¬ 
ture recorder. This instrument, which has an accuracy of ± 0.2° C., 
will partially obviate the need for continuous personal observations of 
the temperatures of the air, brine, and meat during the lengthy period 
of six to eight weeks, when a storage experiment is being conducted. 


The Buffalo Fly Laboratory in North Australia. 

The entomologist is not always surrounded by the amenities of life 
and modern science. Frequently he has to shift for himself and 
improvize the apparatus necessary for his work. This is especially 
true of the Council’s buffalo-fly investigations in Northern Australia. 
How one great need, that of satisfactory laboratory accommodation, 
was met is illustrated in the photograph opposite. 

The introduction of parasites from the Netherlands Indies was 
contemplated, and it was therefore necessary that the building should 
be suitable for studying these parasites under quarantine conditions. 



257 


Mr. H. Willings accordingly drew up a plan, and acted as his own 
foreman. The building was completed in five weeks, and, though a 
trifle hot in the wet season, has served well both as a quarantine insectary 
and as a home. 

Land and facilities were made available at Burnside Station, North 
Australia, through the kindness of the Australian Investment Agency, 
and all materials except the wire gauze for the insectary cubicle were 
obtained locally. The total cost was under £50. 



The Buffalo Fly Laboratory in North Australia. 


The laiildiiig consists of an outer shell 130 feet x 15 feet, built of 
ironwood, thatched with grass, and walled with split bamboo. The 
floor is made of ant-bed material. Inside, there is a central insectary 
cubicle 10 feet x 6 feet, walled with 60 mesh phosphor-bronze gauze. 
Between the insectary and one end, there is a small general laboratory 
fitted with bench, shelves, &c. The other end forms the living quarters 
of the research officer, and between the insectary and the back wall, 
there is good storage space for all reserve materials. 

The laboratory has been used for detailed studies of the buffalo fly 
and other dung breeding insects, and especially for the breeding and 
study of the various races of the parasitic wasps, Spalangia sundaica 
and 8p. orientalis, which Professor Handschin introduced from the 
Netherlands Indies. Already, a considerable number of these wasps 
have been liberated locally, and Mr. T. G. Campbell is at present 
liberating the first consignment in North-west Queensland. 


I.M.M. 
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Tests of the Holding Power of Nails. 

(Contributed by !• Langlands, Division of Forest Products,) 

In the study of the various types of wooden containers and of their 
relative efficiency in service, the DiviKsion of Forest Products has found 
that insufficient consideration is given to nailing. Although laboratory 
and service tests have repeatedly demonstrated that the strength of 
containers depends largely on the efficiency of the nailing, it is 
apparently not generally known that the nailing is the weak point in 
practically all commercial boxes and crates. 

Nailed joints may fail by—(i) the nail heads pulling through the 
wood; (ii) the shearing of the wood from the nails; (iii) the nails 
breaking; or (iv) the pulling of the nails from the wood—the most 
common failure encountered. 

The holding power of a nail depends on several factors, the most 
important of which are:—(a) the nature of the wood used; (b) the 
density of the wood used; and (c) the character of the nail itself. Tests 
have shown that the holding power of the wood increases with increase 
in density, and that, in general, the porous timbers (woods o( the oak 
or ash type) have a greater holding power than the iion-porous timbers 
(woods such as hemlock, spruce, or the pines). The characteristics of 
the nail which influence its holding power arc the nature of the point 
and the character of the shank. In general, the sharper the point of 
the nail, the greater the holding power, provided splitting docs not 
occur; but, on the other hand, the sharper the point, the greater the 
tendency of the wood to split, with consequent loss in holding power. 

It is necessary to use a nail with a blunt point when working with 
woods which split easily in nailing. The extreme example of this type 
is the dump ’’ nail, which has no point at all. (The point of the 
common flat-headed nail has about the right degree of sharpness for 
most woods, being neither too sharp nor too blunt. If it were sharper, 
splitting would be likely to occur, whereas if it were blunter, its holding 
power would diminish.) 

The second characteristic affecting the holding power of a nail is 
the nature of the shank. The ordinary wire nail depends for its 
holding power on the friction between the nail and the adjacent wood 
fibres. Attempts have been made throughout the world to improve the 
holding power by increasing the frictional resistance to withdrawal, or 
by substituting (at least in part) mechanical for frictional holding. 
The principal methods used overseas are (i) cement-coating; and 
(ii) barbing. 

Cement-coated nails are made by tumbling ordinary nails in a drum 
with a resinous compound, which forms a thin coating on the nail, and 
increases its frictional resistance to withdrawal. This type of nail is 
largely used in England and America, and is probably the most popular 
variety having increased holding power. 

As the name implies, the barbed nails have barbs cut into their 
shanks—the idea being that the barbs catch in the wood and resist 
withdrawal. However, extensive tests by the United States Forest 
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Products Laboratory have shown that the holding power of barbed nails 
driven into dry wood is less than that of plain nails^ due to the fact 
that the barbs badly mutilate the wood fibres. On the other hand, the 
holding power of barbed nails driven into green timber, which has then 
been allowed to dry, is somewhat greater than that of plain nails 
treated similarly. 

In Australia, several different types of special nails have been 
developed, all of which are claimed to have better holding power than 
the plain nail. The most common types are the twisted (or spiral) and 
the barbed (or jagged) nails. The shank of the former is twisted into 
a long spiral on the theory that tlie nail when driven will rotate like a 
screw, with resultant increase in holding power. The barbed nails 
made in Australia are rather different from those made overseas, being 
usually provided with notches or depressions rather than barbs, so that 
their behaviour is not necessarily the same as those tested by the United 
States Forest Products Laboratory. (Jemcnt-coated nails, although 
on the Australian market, have not come into favour. Other special 
nails produced in Australia are the chemically rusted nail and the sand- 
rumbled nail. 

In its work in connexion with the testing of wooden containers, the 
Division of Forest Products was quickly confronted with tlie lack of 
knowledge on the relative merits of the various types of nails made in 
Australia. It was necessary, therefore, to obtain this information, and 
a comprehensive series of tests is being carried out to determine the 
relative merits of eighteen different types of local nail. The nails for 
these tests have been supplied by all the principal makers in the 
Commonwealth. 

It has been decided to determine the holding power of the nails 
under the following conditions:— 

(i) Driven into dry wood and pulled immediately. 

(ii) Driven into dry wood and pulled three months after driving. 

(iii) Driven into green wood and pulled immediately. 

(iv) Driven into green wood and pulled after the wood has dried. 

(In all tests, nails are driven into quarter and back faces, as well 
as end grain.) 

Some nails, once they commence to yield, have very little holding 
power, and can be easily withdrawn. Others, even after they have 
started to move, still retain a firm grip on the wood, and considerable 
strain is necessary throughout the extent of their withdrawal. Obviously, 
these differences indicate important factors in the efficiency of the nails, 
and they also will be studied. 

The results of all these tests when completed should prove of 
considerable interest to users of nails. 
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Electrical Moisture Meters for Timber.—Further Correction Figures. 

The Division of Forest Products recently issued Trade Circular 
No. 9, describing electrical moisture meters. In these instruments, the 
moisture content of timber is determined by measuring indirectly the 
electrical resistance of the timber, but as the resistance varies somewhat 
from species to species at the same moisture content, small corrections 
are necessary when a moisture meter is used on a number of different 
timbers. 

As an appendix to the trade circular, a table was given containing 
the corrections necessary for a number of common Australian and other 
timbers. Further tests on other sjjecies have added to this information, 
and the following table contains the additional correction figures. It 
is advised that this table should be inserted after Appendix I. in Trade 
Circular No. 9. 


Appendix II. (Teade Ciucular No. 9). 

Corrections Used with Blinker Sorters for Different Species of 'Timber. 
For moisture contents in the neighbourhood of 12 to 15 per cent. 


Species. 


Botanical Name. 

Common Name. 


Eucalypttis Mens 

White box 

0 

Eucalyptus bicolor 

Black box 

0 

Eucalyptus bosistoana 

Oippsland box 

-1 

Eucalyptus consideniana 

White ash 

+ 1 

Eucalyptus goniocalyx 

Mountain grey gum 

-f- 2 

Eucalyptus heunphloia 

Grey box 

0 

Eucalyptus leucoxyhn 

S.A. blue gum 

0 

Eucalyptus maculosa 

White gum .. 

--3 

Eucalyptus maideni 

Spotted blue gum 

-f 2 

Eucalyptus melUodora 

Yellow box .. 

4-1 

Eucalyptus mudleriana 

Yellow stringybark 

4-3 

Eucalyptus viminalis 

Manna gum .. 

0 

Tristania conferia 

Brush box .. * .. 

-4 

Podocarpus dacrydioidea .. 

N.Z. white pine 

0 


Notes on the Casein-Formalin Treatment of Butter Boxes for the 
Prevention of Wood Taint. 

(Contributed by W. «/. Wiley^ M.Sc,) 

Experimental work on the casein-formalin treatment of butter boxes 
previously described in this Journal (Vol. 5, No. 1, 1932, pp. 5-24) 
has been proceeding, and the following notes are the outcome of experi¬ 
ence gained in the treatment of a comparatively large number of 
experimental boxes. 

The casein solution has been used at the same concentration as 
before. If a more concentrated solution is used, drying is, of course, 
quicker, but for satisfactory spraying, the solution must be warmed in 
order to decrease the viscosity. It has been found advantageous to 
increase the formalin concentration, and this is now made up by diluting 
1.6 volumes of 40 per cent, formalin with 10 volumes of water. 
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The two solutions are sprayed on the box shook simultaneously from 
a double-spray gun, the sprays mixing when they hit the surface of the 
timber. The reaction between the casein and formalin is rapid, and 
in a few seconds the coating sets to a jelly which does not sink into the 
wood, but dries, leaving a hard varnished surface. The double-spray 
gun is made from two guns fitted with special nozzles. These are 
necessary in order that (i) the two sprays, casein and formalin solutions, 
differing greatly in viscosity, may be of the same size to ensure thorough 
mixing over the whole treated surface; and (ii) that the correct propor¬ 
tions of the two solutions are delivered. When using these spray guns, 
the formalin solution is gravity-fed, and the casein solution fed by air 
pressure to the guns. A pressure of 20 lb. per square inch on the 
casein pressure pot, and 80 lb. on the pistols for atomizing, has been 
found suitable with casein solution of the usual viscosity. Approxi¬ 
mately 1.5 lb. of caesin solution and 0.2 lb. of formalin are delivered 
per minute. It has been found possible to kiln-dry the sprayed boards 
in half an hour, at a temperature of 140F., and 20 per cent, humidity. 


“ Strathcona House ”—A Hostel for Research Workers Visiting the Rowett 

Institute. 

One of the features of the research work now being carried out in 
various parts of the Empire is the ever-increasing amount of co-ordina¬ 
tion of effort, and its concomitant, the ready interchange of research 
information. It will be remembered that suggestions for the develop¬ 
ment of machinery whereby these actions might be facilitated were 
included in the recommendations of the 1927 Imperial Agricultural 
Kesearch Conference. 

That Conference considered that one of the means of rendering 
Empire research work effective was to arrange for exchanges of officers. 
The Rowett Research Institute, Aberdeen, has been very active in this 
way, and already one or two Australians, together with research workers 
from other Dominions, have been accommodated at the Institute, and 
have made themselves familiar with its well-know investigations in 
the field of animal nutrition. 

A recent development at the Institute is the erection of Strathcona 
House,’^ which is a residential club or hostel for research workers 
attached to the Institute, or who might be visiting it. Workers from 
the Dominions, or visitors from the Dominions, are given the first claim 
to bedroom accommodation. In the past, such people necessarily had 
to live in lodgings. Now, however, when they go to Aberdeen they will 
be met and taken to Strathcona House,” introduced to all the other 
people staying there, and made members of the residential club. 

It is believed by the Director of the Institute, Dr. Orr, and by 
others who have helped in this new move, that the educational value of 
the associations of Strathcona House,” and of the contacts made 
there, will be quite considerable, and will be by no means an unimportant 
aspect of an investigator’s stay at the Rowett. 
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Note on an Improved Design for Electrical Resistance Thermometers for 
Measuring the Gradient of Temperature in Foodstuffs. 

{Contributed by N, E, Holmes, B,E,E., and J, B. Vickery, Ph. D,) 

In connexion with investigations into the preservation of foodstuffs 
by cold, it is often necessary to determine accurately the gradient of 
temperature in the actual foodstuff under treatment. 

In the freezing of meat, for instance, the gradient may be of the 
order of 3®C. per inch, and, therefore, it is necessary to employ 
thermometers, giving, as nearly as possible, the temperature at a point. 
Moreover, the gradient of temperature must frequently be measured by 
distant reading instruments situated outside the chamber in which the 
foodstuff under observation is being cooled. Electrical resistance* 
thermometers are usually convenient instruments for such long-distance 
measurements. In such thermometers, the requirements are:— 

(a) Rapid response to changes of temperature. 

(h) Restriction to a minimum of the volume whose average 
temperature is to be measured. 

The drawing below shoAvs tlie general details of aii electrical 
resistance spear thermometer we have designed to incorporate the above 
requirements, to withstand corrosion by the foodstuff, and to be 
sufficiently robust to withstand the strains set up Avhen the foodstuff 
freezes. 


7>V//7 


cob/e. 

Position cf R cod- 

3tafn/e3S:^^ee/ sheath. 

Amc,os/te in3erC\ 


in ^ zi°t> 


Several features of the instrument have already been developed by 
scientific instrument makers in England. Thus, to obtain the require¬ 
ment (a) above, the platinum resistance coil D has been confined to the 
small dimensions of about 0.5 inch in length and 0.15 inch diameter, 
the coil being cased in a thin stainless steel sheath B. 

To improve the thermometer with respect to requirement (6) above, 
the Amcosite insert C has been introduced. Since the thermal 
conductivity of steel is approximately 250 times that of Amcosite,” 
the use of this insert will reduce considerably the conduction of heat 
along the casing of the thermometer. The importance of this feature 
will be realized when it is stated that the difference of temperature 
along the stem of a thermometer thrust to the centre of a piece of meat 
10 inches in thickness may be 20° to 25°C. 


* ‘'Amcosite*' is a composition having characteristics shnilar to ebonite. 
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Apple Cases for the Export Trade.—Investigations Designed to Develop the 

Best Type. 

In an article written shortly after his return from a visit to Great 
Britain, Mr. W. M. Came, Senior Plant Pathologist of the Division of 
Plant Industry, drew attention to the little that is known about the 
different methods of packing Australian fruit in relation to the 
condition of the fruit so packed when eventually it landed on overseas^ 
markets (see this Journal 6: 40, 1932). 

He also drew attention to the serious damage caused to Australian 
apples by bruising during transport abroad. 

With a view to remedying this position some investigations have 
been initiated by the Council’s Divisions of Plant Industry and Forest 
Products working in co-operation, the actual experiments being 
conducted at the headquarters of the Division of Forest Products in 
Melbourne, where the necessary facilities are available. The work, 
which is naturally of a seasonable nature, is being undertaken by Mr. 
Came and by Mr. E. F. Turnbull, the latter an officer of the Division of 
Forest Products. 

Attention is being given in the first instance to the two types of 
case in general use in the apple export trade, namely the Australian 
bushel (dump) case and the standard bushel case. These are being 
packed in different ways and with different weights of fruit. The 
cases arc then subjected to dropping and bumping tests with the special 
equipment which the Division of Forest Products has for that work 
and the degree of bruising is noted. 

By such methods it is hoped, in the first instance, to give a definite 
answer as to the best procedure to adopt in packing the individual 
boxes of apples intended for transport overseas and eventually as to 
how present methods, including, perhaps, box design, could be improved 
and standardised. In the latter connexion the Standards Association 
of Australia is taking considerable interest in the work, and with that 
end in view has set up a special committee on fruit cases. 

Some preliminary work was carried out early in 1932, but its object 
was chiefly the development of a suitable technique for the more 
extensive investigations it is hoped to continue in the next apple season 
(early in 1933). Apart from the information regarding the best 
technique of testing, one or two interesting indications were obtained 
from the 1932 work, particularly in regard to the relative tightness of 
pack and its effect on bruising. It was found, for instance, that there 
is a deflnite relation between tightness of pack and the amount of 
bruising; further, that it is easy to pack over-tightly, and by so doing 
to increase the amount of damage. 


The Investigation of “ Peg-Leg Disease ” of Cattle.—Co-operation of 

Queensland Producers. 

In a previous note (see Vol. 5, pagel31) it was mentioned that, as 
part of the cattle investigations being carried out in co-operation with 
the Queensland Department of Agriculture and Stock and the Empire 
Marketing Board, it was proposed to study the so-called peg-leg disease 
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which affects cattle in certain parts of Queensland. There are indica¬ 
tions that the trouble is caused by some deficiency, possibly phosphorus, 
but further studies of the condition are needed before the cause can be 
stated with certainty and thus the most economic means of control 
developed. 

It was realized that it would be of considerable value from the 
investigational point of view if arrangements could be made to carry 
out some work at a small field station. As a result of active co-opera¬ 
tion which has recently been given by certain cattle interests in 
Queensland, it will be possible to make much faster progress along such 
lines than would otherwise have been the case. The co-operation in 
question is outlined below. 

Mr. Archie Black, of Helcnslee,’’ near Charters Towers, has 
granted the use of some of his paddocks, yards, &c., besides undertaking 
the general management of the experimental stock, all of which has been 
rendered available by pastoralists of the district. In addition, through 
the Graziers’ Association of Central and N^orth Queensland, a number 
of local cattle producers and several meat exporting companies have 
contributed upwards of £135 towards the cost of the field station opera¬ 
tions. Such assistance is not only appreciated from the * financial 
point of view, but the practical evidence of keen interest in the work is 
a source of particular gratification. 


Recent Publications of the Council. 

Since the last issue of this Journal, the following Bulletins and 
Pamphlets of the Council have been, or are just about to be, published:— 

Bulletin No. 65.—Downy Mildew (Blue Mould) of Tobacco in 
Australia,” by H. E. Angell, B.Agr.Sc., Ph.D., and A. V. Dill, B.Agr.Sc. 

The results of work carried out by the Division of Plant Industry 
on behalf of the Australian Tobacco Investigation are recorded. The 
purpose of the investigations was to find out essential facts regarding 
the life history of the blue mould parasite and its relation to the host 
plant, such information to serve as a guide to further work in methods 
aiming at the control of the disease, which is a serious problem to the 
Australian tobacco industry. The causal organism is a species of 
Peronspora. It is carried over in over-wintering plants, including 
cultivated ornamental species of Nicotiana. There is some evidence, 
too, that it is transmissible through infected seed. As the organism 
appears to be strictly parasitic, there seems to be little danger of disease 
due to its possible persistence in the soil. 

Bulletin No. 66.—The Influence of Growth Stage and Frequency 
of Cutting on the Yield and Composition of a Perennial Grass— Phalaris 
tuberosa," by A. E. V. Richardson, M.A., D.Sc., H. C. Trumble, 
M,Agr.Sc., and R. E. Shapter, A.A.C.I. 

This is one of the reports of investigations in the field of mineral 
deficiencies of pastures, being carried out as the result of contributions 
by the Empire Marketing Board, the Waite Agricultural Research 
listitute, and the Council. In the work reported, the crude protein 
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content of the herbage fell from 33 per cent, at the early tillering stage, 
to 3.37 per cent, at maturity; the percentage of crude fibre and nitrogen- 
free extractives increased continuously from tillering to maturity; the 
phosphate and potash content of the dried herbage was exceedingly 
high in the early stages of growth, and fell steadily to a minimum 
value at the mature stage; when only 10.6 per cent, of the total dry 
matter in the herbage had been accumulated, and only 5.1 per cent, 
of the total water used had been transpired, the plant had nevertheless 
assimilated 66.2 per cent, of its total nitrogen; and a substantial and 
absolute loss of potash occurred from all portions of the plant during 
the final stage of growth, which must be regarded as a migration of 
potash from the plant to the soil, due possibly to diffusion from the root 
system at the stage when physiological activity ceases. The yield of 
herbage, butts, and roots, was considerably reduced by increasing the 
number of cuts, e.g., cutting five times reduced the yield of herbage by 
54 per cent., and the root system by 78 per cent. Notwithstanding the 
fact that the yield of herbage was decreased considerably, with an 
increased number of cuts, the actual yield of protein was greatly 
increased; the yield of nutrients per litre of water transpired is greatly 
increased by increased severity of cutting. 

Bulletin No, 67.—Methods for the Identification of the Coloured 
Woods of the Genus Eucalyptus** (Division of Forest Products— 
Technical Paper No. 5), by H. E. Dadswell, M.Sc., and Maisie 
Burnell, B.Sc. 

The practical importance of establishing methods of identification of 
Australian eucalypt timbers is constantly being brought to the notice 
of the Division of Forest Products. Bulletin No. 67 gives the results 
of work done to date, with such a development in mind. A first 
division has been made on the basis of colour, and the publication is 
confined to the coloured eucalypts (as distinct from the non-coloured). 
These have been studied macroscopically, microscopically, and, in some 
cases, chemically. A feature of the work was the care given to the 
selection of samples, and no studies were made on any sample unless 
its correct botanical classification was certain, after an examination 
of the botanical material from the tree from which the log was cut. The 
bulletin contains a number of illustrations of typical photomicrographs 
of the eucalypts discussed. 

Bulletin No, 68.—Radio Research Board: Report No. 5. 
Atmospherics in Australia—I.,’’ by G. H. Munro, M.Sc., A.M.I.E.E., 
and L. G. H. Huxley, M.A., D.Phil. 

The paper describes the progress of an investigation of the 
atmospherics which interfere with radio reception in Australia. This 
has been carried out by means of cathode-ray direction-finders, one 
located at Laverton, near Melbourne (Vic.), and the other at Mt. 
Stromlo, near Canberra (F.C.T.). Information is accumulating from 
which it will be possible to predict the interference to be expected from 
atmospherics on any wave-length at any place in Australia—a matter 
of considerable importance to radio services, particularly those concerned 
with broadcasting. In addition, the observations definitely indicate 
that atmospherics are due to lightning strokes. Further, as the instru¬ 
ments can easily detect the source of atmospherics 2,000 miles or more 
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away, their value in giving earlier information of approaching bad 
weather than possible with existing barometric methods of forecasting 
is obvious. They would be of particular value to aircraft services to 
give information regarding the position of local storms. 

Bulletin No, 69.—^^An Investigation of the Taxonomic and Agri¬ 
cultural Characters of the Danthonia Group,” by A. B. Cashmore, B.Sc. 

This is another publication concerning the mineral deficiency investi¬ 
gations mentioned in Bulletin No. 66 above. The literature on the value 
•of the Danthonia species (wallaby grasses) for grassland work is 
brought together and discussed. It is stated that the species are low 
fertility demanders, and that they are able to adjust themselves to 
extremes of rainfall and temperature conditions. When mature, the 
feed tends to be coarse and fibrous, and somewhat unpalatable to stock, 
but if maintained at an immature stage of growth by rotational grazing, 
good yields of highly nutritious fodder may be expected at low water 
cost. The work carried out shows the possibility of obtaining further 
strains for use in the drier areas of Australia wnere introduced species 
of pasture plants are unable to persist. The extended production period 
of Danthonia and its capacity to produce green feed after rain in hot 
summers are stressed. These qualities are of particular vcflue where 
wool production is the aim. 

Bulletin No, 70.—A Soil Survey of King Island,” by C. G. 
Stephens, M.Sc., and J. S. Hosking, B.Sc. 

The soil survey of King Island, which is reported in this Bulletin, 
was undertaken at the request of the Tasmanian Department of Agricul¬ 
ture, in order to provide a basis for the advisory and experimental work 
of its veterinary and agricultural officers. The stock problems of 
King Island have acquired something more than mere local interest, 
owing to the development of coastiness,” a disease of stock, akin to 
the bush sickness ” of New Zealand, which is quite definitely associated 
with the calcareous sandhills of the west coast, and which, like other 
cases of coastiness ” in Australia, can be cure’d by transferring the 
stock to other areas. Eight soil types have been identified and named. 
The coastal disease is particularly associated with the type to which 
name Currie calcareous sand ” has been given. 

Pamphlet No. 31.—^^A Preliminary Report on Investigations on 
the Buffalo Ely (Lyperosia exigua de Meij) and Its Parasites in Java 
and Northern Australia,” by Professor E. Handschin. 

The pamphlet consists of a preliminary report, recording the results 
of two years’ investigations by Professor Handschin, of the University 
of Basle, who was brought out by the Council for the purpose. The 
report gives a number of details concerning the life history of the 
buffalo fly, and of its reactions to different stimuli and environments. 
An account is also given of experiments in cross breeding an Australian 
variety of Spalangia (S. orientalis) with a Javan variety {8. sundaica), 
both of which varieties parasitize the puparia of the buffalo flies, and 
thus eventually destroy them. In addition, the various habits of 
these species of Spalangia have been studied. It has been found, for 
instance, that females are attracted to dung still moist and containing 
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buffalo-fly puparia, while males are attracted to dry dung in which 
females are emerging. This last ensures the meeting of the 
sexes at the time that buffalo-fly puparia are forming in the dung. 
Grenetical experiments with the Australian-Javan cross of Spalangia 
show that females of the Australian variety, crossed with males of 
the Javan variety, live twice as long as normally, and lay three times 
as many eggs. The reverse cross is ineffective. At the present time, 
an effective cross that has been bred up is being liberated in North 
Australia with a view to observing its efect. 

Pamphlet No, 32.—“ The Chemistry of Australian Timbers, Part 2 
—The Chemical Composition of the Woods of the Ironbark Group ” 
(Division of Forests Products—Technical Paper No. 4), by W. E. 
Cohen, B.Sc., A. L. Baldock, B.Sc., and A. G. Charles. 

There is a general trend in forest products research towards utilizing 
wood substances after some form of chemical transformation. Other 
investigations involve altering the physical characteristics of wood, to 
increase its resistance to fire, and to reduce in seasoned timber the 
absorption of and loss of moisture, with consequent swelling and 
shrinkage. Such proposals, and those associated with converting wood 
into paper, artificial silk, lacquers, &c., must have their foundation in 
a fuller knowledge of the chemistry of timber. For this reason, inter 
alia, the Division of Forests Products is carrying out some work in the 
chemical field. The work reported in the pamphlet shows that the 
Ironbark eucalypts differ in chemical composition from the hardwoods 
of North America, and that an outstanding feature in the Australian 
timbers is the presence of large quantities of gum-like substances, which 
are found in the various wood cells, and which are insoluble in the 
organic and neutral solvents usually employed in wood analysis. 
Numerous regular differences in certain chemical factors such as 
alkalinity of ash, cellulose content, and percentages of solubles ’’ in 
various solvents, were found, and the possibility of employing these as 
an aid to timber identification is indicated. Another result of the work 
is valuable information regarding the degree of fineness to which it is 
necessary to grind timber samples, in order that resultant analyses may 
be a correct refiex of the composition of the original timber. 

Pamphlet No, 33.—‘‘Enzootic Ilaematuria (Haeniatiiria Vesicalis) 
of Cattle in South Australia,’’ by L. B. Bull, D.V.Sc., C. G. Dickinson, 
B.Y.Sc., and A. T. Dann, M.Sc. 

Ilaematuria vesicalis or “ redwater ” of cattle is described as it 
occurs in a certain restricted area of South Australia. Attention has 
been given to the geological nature of the country, to urine analyses, to 
the soils, and to the pastures. ITrine analyses have so far failed to reveal 
the presence of an irritant, which might be calculated to cause the 
lesions in the bladder. Certain differences in the proportion of the 
urinary constituents, from those found in normal cows’ urine, have been 
demonstrated, but no etiological significance can be attached to these 
findings at the present time. No attempt is made to discuss the distri¬ 
bution of the disease throughout the Commonwealth, but attention is 
drawn to its occurrence elsewhere, notably in Victoria and Tasmania, 
as well as to its former appearance in New Zealand. There is also 
evidence that it occurs in at least one restricted area in southern Queens¬ 
land. 
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Pamphlet No. 34.—The Collembola-Symphypleona of rAustralia: 
A Preliminary Account/’ by H. Womersley, A.L.S., F.E.S. 

The pamphlet contains a report, dealing with the systematics of 
the group of insects containing the lucerne flea (ficlobular springtail) 
which is causing such damage to pastures in various parts of Australia. 
It contains a foreword by Dr. E. J. Tillyard, M.A., F.R.S., in which 
the economic value of the work is discussed, and in Tvhich it is pointed 
out that a study of the systematics of the group is an essential pre¬ 
liminary to any comprehensive investigation of the possible control of 
the individual members of the ^oup. It is also mentioned that a 
predatory mite of the genus Biscirus is an effective biological agency 
controlling the lucerne flea in a few restricted areas of Western 
Australia. 

Pamphlet No, 35.—^ Pulpy Kidney’ in Lambs.” (1) ^ Pulpy 

Kidney,’ or Acute Infectious Entero-toxaemia of Sucking Lambs 
due to B. ovitoxicus (Bennetts),” by D. T. Oxer, B.V.Sc. (2) ^ Pulpy 

Kidney’—A Post-mortem Change in Experimental Infectious Entero- 
toxaemia,” by H. W. Bennetts, D.V.Sc. 

This publication consists of two reports of work carried^ out as a 
part of the Australian Pastoral Research Trust-Empire Marketing 
Board scheme, and in co-operation with the Departments of Agriculture 
of Tasmania and Western Australia. It has resulted in the important 
demonstration that pulpy kidney ” of lambs, which often causes serious 
losses to producers of fat lambs in Tasmania and the Eastern States, 
is due to the same organism, namely. Bacillus ovitoxicus, that causes 
the so-called braxy-like disease of sheep in Western Australia. The 
development of an economic method of control is thus correspondingly 
nearer. 


Forthcoming Publications of the Council. 

At the present time, the following future publications of the Council 
are in the press:— 

Bulletin No. 71.—Investigations on Irrigated Pastures.” 1. The 
Yield and Botanical Composition of an Irrigated Permanent Pasture 
under Various Systems of Pasture Management,” by A. E. V. Richard¬ 
son, M.A., D.Sc., 2. “ The Chemical Composition of Irrigated Pastures 
at Wood’s Point, South Australia,” by H. P. C. Gallus, B.Sc. 

Bulletin No. (?).—A Soil Survey of the Kyah, Tresco, Tresco West, 
Kangaroo Lake (Vic.), and Goodnight (N.8.W.) Settlements,” by 
J. K. Taylor, B.A., M.Sc., F. Penman, M.Sc., T. J. Marshall, B.Sc. 
(Agr.), and G. W. Leeper, M.Sc. 

Pamphlet No. 36.—Fibre Boards—Their Use, and the Possibilities 
of Their Manufacture in Australia,” by R. F. Turnbull, B.E. 

Pamphlet No. (?).—‘^The Blowfly Problem in Australia, edited by 
R. J. Tillyard, D.Sc., F.R.S., and H. R. Seddon, D.V.Sc. 



INDEX TO VOLUME 5. 

PAGE 

Acute Infectious Ifintero-toxaomia or “ Pulpy Kidney ” of Lambs, duo to B, 

ovitoxicua (Bennetts) .. .. .. .. .. .. 25 

Apples— 

Export of Australian : Suggested Improvement of Present Methods .. 40 

Co-operative Horticultural Research .. .. .. .. 137 

Cases for the Export Trade—Investigations designed to develop the Best 
Type .. .. .. .. 203 

Apricots—The Sulphuring of .. .. .. .. .. .. 228 

Atriplex spp.—Preliminary Investigations on the Cultivation of Indigenous 
Salt Bushes {Atriplex spp.) in an Area of Winter Rainfall and Summer 
Drought .. .. .. .. 152 

Baits for Sheep Blowflies— 

Experiments on Artificial Baits ,. .. .. .. 28 

Chemical Treatment of Baits for Attracting Blowflies .. .. 94 

Banana Ripening Rooms—Designs for .. .. .. .. 63 

Barium Compounds as Possible Wood Preservatives .. .. 194 

Barnard, C.— 

Fruit Bud Studies 'The Sultana .. .. .. - .. 47 

Root System of the SiiHana .. .. .. S8 

Bees, Research on : A JVogress Report .. .. .. .. 81 

Biological Control— 

Buffalo Fly Problem- -Lilieration of the Parasitic Wasp Bpalangia sp. .. 135 

Lilieration of Insects in Tasmania to Control Oak Scale .. .. 64 

Noogoora Burr Seed Fly—J.<il)(‘rati . ensland .. .. .. 192 

Pino Aphis -Liberation of Parasi ws an ^ ^ 

Black Disease of Sheep in France n Studies ‘ ' * .. 193 

Blowflies— 

Arrangements re Testing of Proprietary Dressings .. .. .. 191 

Notes on the Effect of Carcass Burial .. .. .. • • 162 

Chemical Treatment of Baits .. .. .. .. .. 94 

Experiments on Artificial Baits .. .. .. .. 28 

Fly Strike of Sheep, a Natural Phenomenon .. .. .. .. 206 

Bobbins—An Investigation of Certain Australian Hardwoods for .. .. 59 

Book Review—“ Growth and Development of Mutton Qualities in the Sheep,” 
Hammond .. .. •• 

Boxes— 

New Testing Drum of the Division of Forest Products .. .. 68 

Note re An Improved Design for the 56-lb. Dried-fruit Box .. •. 181 

Apple Cases for the Export Trade--Investigations designed to develop 
the Best Type .. .. .. • • • • • • • • 

Brisbane Food Preservation Researcli Laboratory.. .. .. • • 266 

Bud Studies: The Sultana .. .. • • .. 47 

Buffalo Fly— 

Liberation of the Parasitic Wasp Spalangia sp. .. .. .. 136 

Co-operation of the Veterinary Services of Netherlands East Indies .. 136 

Report by Professor E. Handschin .. .. . • 

The Buffalo Fly Laboratory in North Australia . • • • 266 

A Note on the Occurrence of Hydrotaea australis Malloch in North 
Australia .. .. .. •• •• ..263 






11 


INDEX—CO. / 


PA<S» 

’ oil Survey of Part of the Mu ■ * Mf i^ t' ion ' *- ni ot \ ic.) 

' nv^ V . Bungunyah Irrigation Settl . -•> \,S.W.) .. 215 

' ^ . ' nt in— 

X*{ i> .f ' tporiments with Special Rol . i /' '-"^a {Li,-i;rnua) 

' W' I ' ‘ Mno (-4. Gunninghamii) . 6 

Ex} Ms. )n its Prevention .. ..15 

Not o ! Casein—Formalin Treatm* - i' .- i - ' .r iho |^re- 

V I ii , Wood Taint .. .. . ., 23 


. < iTt, .i i ' n’s Wort in Australia .. .. r.2 

''.i* '-e, }- 

Oas( ^ ii ' •* ladenitis: Ingestion as > •( . < ' - jch’t.n of Hit cep 

wl* ' < ^z-Nocard Bacillus .. . . !'S 

(^atc (/ . ladenitis: The Growth }*»'( isz No< ard Baci^r s in 

Ml.. V, ; .. .. .. ., .. to:; 

CaK'ous adenitis; The Disinfoctioi . . •T'nvlpu ec .12 


( 1 le, \V . ]S ’ f 

^ Export of Australian . ■ 

•' ' 1 iv.ju ent f 


I*r.‘ 

CO’!, M ' 

s 


4<J 

Castsur* 


itis— 

• 


li. ^ 


itralia 


05 

0:'n ,1 ui 

Proisz-Nocard Bacillus ii '> 


fO.3 

2 

r . . 

1 of Shearing Machine Ha < 


212 

11' . 

( , t ' 

< 'O'l ae ‘ 

cthod of Infection of Shec. . 

; , dn ' ' .3 

f*8 

'(» . 

^ 01.'' 

ves^igations into the Pr< 

' 'P 



rth ' 

lia 

>;u, lu’i 

■'e 


of C , ''on i 


2o3 

i‘c. 

Ul^ .>V . 

.ting 


04 

' ’ : 1 -r . 

' ” 

duC ' 

v ‘npre< t! i 


‘ 

. of M , 

1 i {K 


JIO 

C.'i"' 't , *. 

4 i •*** ' V* 

rch .3 


.81 

( ' 

i ilk n 

'• my u. „ Acultiiro 


f3S 

1>. O! 

i 1 

mbor Utilization Studio ! •; 

’ ' ■ 1 ' f’. ’ -in 



i \'! .. *1 

' rdwoods for Use in Rolle p 


59 


T;e ^ 'Vi‘ 

i or the Control of Rabbitf- 

• Asi ■!. I ior> 


( • 

I '■ ;e./ .* 



1H9 

!:•.. '1 r 

. 




Ko 

r . . V •. 

.f* ot Dried Grapes as A 

essing., 

170 


Ao Ii 

proved Design for the 5(>-lb. ' 


’81 

''op I 

Eaton.. 

If' y. Division of—Scientific . . • 

’m .. ' 1 



m in P • 

.’( noil’s Publications 


..8s 

’lion f 

»\aemi 

T'. actions—In Lambs 


V~y 

/ %cr! ,‘n, 

' fs eah t u 

. . -Production of Tannin 

the :■< 'n : 



, (k 1 ’i. 

farri 


» 10 






■ .\|.r 

* ‘ 

' 1 Improvement c' nt ihods . 

. 

io 

" ! 1 

t« On . 3 f 

■' ’he Export Tr; f*' • nations de.iigned to !.{ 


1 ’ 

.B(-' T; 

. 



• 1 

i< : V 'Thp' 

’ nion’s Gift foi 


k.1.5 



’ ions on Flag Smut of W) • 


lb.' 



INDEX —cant inued, 


PAOF 


Food Pwi* 'I ioji Aiu* 1. m -1 ot. 

T'lieCounoirs n1.,\ *'\^f.ablishofl Sortioii of .. 61 

F>’07on u At<* it .. .. .. .. .. 62 

Xoto >Tt an Jmprr- Design of Eloetriojil Rosistanoo Thorraomoters for 
Monv.ring tJiO iorature Gradient in Fooflstuffa .. . .. 262 

Riiabatir J\'od Pio .. nation Research Laboratory .. .. 255 

Ijl,/ o«tipatieUi< ini ' o Storage and Transport of Moat 133 

^li*i E^p^^^t of .lian Moat: A Tra<lo Union’s Gift for Ri^search .. 135 

Cit I’Ufl Pii’Scr uUi Committee—Progress Report (O( tol»er, 1932) .. 201 

Foot a* (1 Root lici's c ‘ Vheat in Australia : Fusarium ndrnorum as a Causal 

‘ Irganisfu .. . . .. .. ,. P3 

iVeney, Me rtin R - 


SI ep lu^ stigations 1 Experiments on Artificial Baits: Pre- 

■ imit jtj ^ T' «'t" Oilthe Products of Decomposition of Wool Fibre (Keratin) 
t'li.'miicd ion of Baits for Attracting Blowflies . .. ^ 

Fruit i'ud St».dj -h ’ The Sultana 

’■'’ullei i'. “Tlie Blowfly J*roblem— Notes on tho Effect of Carcass Bt i* J 

’‘'uugi -A Cuj 1 liclc\ o1 Fungi Recorded in Australia . . . . tn ; 

lann itn cubiin, v)i as a Causal Organism of Foot and Root Rots of Who . j: 

t'c.*i.ej», W. L.- 1 ’ooi- a d Root Rots of Wheat in Australia, Fti^uriiini culnw" • 

as n ( . 1.1 Oi 'anism .. . .. .. J.u 

t'lMha.ti, N -p ra itological Field Trials with Sheep: Results at " 
dow 'i;i<za " ' South Wales, and “ Frodsloy,” Tasm.inia 
(jJrapM—’-Keeping ‘/nsHties of Dried—As Affected by Processing ■ 70 

Grasses—^Nc\v?‘ni'< -m ... .. . ' 


onchus rotJ‘'i Observation on tho Resistance of ‘dlioep to Infest 

by . ... 

B.iniwood’, And. H,in—-Timber Utilization Studies^ An Investigation foi c 
in fb' leis, ‘iobbins, &c. .. 

Hill, G. 1’. -Rcpoit on the Part Played by Tei-niites in the Destructiij 
Co" aerci^ Forest Trees . ‘ . 

Hohiaway, E. G. -* y ►Strike of ►Sheep a Natural Phenomenon 

llvibnes, ]S E.- N c on an Improved De.sij^n of Electrical Kc^^istanee Id.’ 

morcetei^ < Measuring tho Temperature Gradient in Foodstuffs 
Hoop Pine — L'F) ory Experiments rer'Wood Taint in Butter, with 
KefciiM -o radiatn and Hoe Pine (/I. (Junninghnmh). . 

Ilorticul^ 1 rn I Res li—Boot Stocks of/^pplcs 

llydiOUiPo uMs/'' lalloch -A Not<* p’ Oecurreiict' in North Austra 

i' 


Jarrott, Pit yd 
lewojl, W. k 


Karri— 'Ilie 


Investigations Smut of Wheat 

ng Qualities of ; ' Grapes as Affected by Procossin 




lof Taimin '9'''''V< 


'OiJ 


t from 


Lau’h., -‘ft 
d 10 t 

^ »gl aids, L‘ 
No'.e rc 
re.sts < 


ey ” or Aou'^^ ifeetious Entoro- toxaemia of Lamb 
us (Bennett,G) 

’ Design f the 56-lb. Dried-fruit Box 
owerof Nails.. 

'itics of 'pried Grapes as Affected by Processing . 

-Prod 


action of Tannin Extract from the Kino- 


i 


ro 


61 


I . 


i l'» 




IV 


INDEX— continued. 


jrAUJS 

Mackerras, I. M.—A Note re the Occurrence of Hydrotaea australis Mallooh in 

North Australia .. .. .. .. .. .. 253 

Marshall, T. J.—A Soil Survey of Part of the Murrabit Irrigation Settlement 

(Vic.) and of the Bungunyah Irrigation Settlement (N.S.W.) ., 215 

Meat— 

Exi)ort of Australian—A Trade Union's Gift for Research .. 135 

Investigations on the Storage and Transport of .. ' .. 133 

Quick Frozen Carton .. 62 

Mineral Content of Pastures— 

Report on Co-ojKsrative Investigation in Progress at the Waite Agricul¬ 
tural Research Institute .. . . . . .. •» 141 

A Note on the Relation of Mineral Nutrition to Transpiration in Plants.. 177 

Moisture Meters’'-Electrical Moisture Meters for Timlxjr—-Further Correction 

Figures .. . .. .. .. .. ..260 

Mulch—The Effect of a Soif Mulch on Soil Temperature .. .. .. 236 

Murrabit—A Soil Survey of Patt of the Murrabit Irrigation Settlement (Vic.) 

and of the Bungunyah Irrigation Settlement (N.S.W.) .. •. 215 


North Australia—Co-oi>orative Investigations into the Problems of the Cattle 

Industry . . .. .. . . . . . • 131 

^7^oogoo^a Burr Seed Fly —Liberation in Queensland .. .. • • 132 


Oak Scale—The I liberation of Insects in Tasmania to Control .. *. 64 

Oats—Notes on Preliminary Tests on Certain Wheats and Oats .. .. 66 

Or -ngos—Citrus Preservation Committee—I^rogress Report (October, 1032) .. ‘^01 

Oxo D. T,—“ Pulpy Kidney ” or Acute Infectious Entoro-toxaemia of Lambs 
due to/f. (Bennetts) .. 


■“a^asitoJogical Field Triai ’ with Sheep : Results at “ Gundowringa,” New 
South Wales, and “ Fiodsley,” Tasmania . . 

Pastui’es— 


Mineral Content of—Report on Co-operative Investigations in Progress at 
the Waite Agricultural Rosoai’eh Institute . . . . .. .. 141 

Now Grasses .. .. .. .. .. .. .. 67 

Peg-log Disease of Cattle—Co-opciratiojn of Queensland Cattle Producers .. 263 

Penman, F.—A Soil Survey of Part of tl.\o Murrabit Irrigation Settlement (Vic.) 

and of the Bungunyah Irrigation ,'L-cttlcment (N.S.W.) .. .. 216 

Pjjtrie, Arthur H. K.—A Note on the Mineral Nutrition to Trans¬ 
piration in Plants . . \ . . .. 177 

Pine Aphis—Liberation of Parasites . . \ • • • • • • • • 138 

Pinus radiata —Wood Taint in Butter, Labf ratory Experiments with Special 

Reference to P. radiata and Hoop Pj * (A. Cunninghamii).. .. 6 

Plant Introduction—^New Grasses .. U . • • • • • • • • 37 

Preisz-Nocard Bacillus. (See Caseous Lympi) '♦^liitis). 

Prescott, .3. A.—Nomenclature of Australian ^ ® ‘ 

Publications— r ' ^ 


Recent Publications of the Council .. 
Forthcoming Publications of the Council 

“ Pulpy Kidney ” or Acute Infectious Entoro 
ovitoxicus (Bennetts) 


,.4 


yoxaemia 


70, 139, 197, 264 
72, 146, 199, 268 
of Lambs due to B, , 
.. 2 . 


Queensland Moat Industry Board—Co-opera Food Preservation Re¬ 
search y * • • • 133, JT 

Quick Frozen Carton Meat .. .. ^ . • • • , • • 




vi 


INDEX— continued. 


l^ultana— 

Fruit Bud Studies .. ... 

Root System of .. .. .. .. . * . .. 

* , '»■*■ 

Tannin Extract— 

Manufacture of in Western Australia—New Australian Industry 

Production of from the Kino-impregnated Bark of Marri {Eticalyptus 
ceUophylla) 

Taylor, J. K.—^Nomenclature of Australian Soils .. 

’ Termites—^Part Played in the Destruction of Commercial Forest Trees—Report 
by G. F. Hill. 

Thermometers—^Note on an Improved Design of Electrical Resistance Ther¬ 
mometers for Measuring the Temperature Gradient in Foodstuffs 
Thomas, J. E.—The Sulphuring of Apricots .. .. .. ^ 

TUlyard, R. J.—Scientific Papers from the Division of Economic Entomology 
Published Elsewhere than in tho Couneira Publications 
‘t. Timber— 

An Investigation of Certain Australian Hardwoods for Use in Rollers, 
Bobbins, &c. .. 

Barium Compounds as Possible Wood Preservatives 

Electrical Moisture Meters for—Further Correction Figures 
Transpiration—A Note on tho Relation'of Mineral Nurtition to Transpiration 
in Plants 

Trees—Part Played by Termites in tho Destruction of Commercial Forest Trees 
—Report by G. F. Hill .. .. .. . “ 

Trumble, H. C.—Preliminary Investigations on the Cultivation of Indigenous 
'Salt Bushes {Atriphx spp.) in an Area of Winter Rainfall and Summer 
Drought 


PAOU 

47 

88 


110 

129 

137 

262 



I 

l|62 


Vickery, J. R.—A Note re An Improved Design of Electrical Remstance Th' * 
mometers for Foodstuffs .. .. 

. ^ 

' Waite Agricultural Research Institute—^Mineral Content of Pastures, Report ^ 
on Co-operative Investigations in Progress. .. ,.. 141 

West, E. S.—The Effect of a Soil Mulch on Soil Temperature '. 236 

Wheat—^Notes on Preliminary Tests on Certain Wheats and Oats 66 

Wheat Diseases— * 

Foot and Root Rots in Australia: Fusarium culmorum as. a Causal Or¬ 
ganism .. .. .. .. 123 

Investigations on Flag Smut .. 145 

White Ants—The Part played by Termites in the Destruction of Comnyarical^^* 
Forest Trees .. .. .. .. .. .. .. 

Wiley, W. J.—^Wood Taint in Butter: Laboratory Experiments with Special 

Reference to Pinus raduita {insignia) and Hoop Pine (A. Cunninghamii) 5 
Wood Preservatives—Barium Compounds as Possible .. .. 194 

Wood Taint in Butter— 


Laboratory Experiments with Special Reference to Pinua radiota (insignia) 
and Hoop Pine (A. Cunningkamii) 

Experiments on its Prevention 

Notes on the Casein-Formalin Treatment of Butter Boxes 
Wool—^A Sheep Branding Fluid Non-injurious to .. 


5 

15 

260 

136 


E 


H. J, Orem, 

Qmi. Printer, Meliouma, 




INDEX— cantimkd. 


Rahlfits-i** 

of Ooiitr<‘* by the Disseminai .-n Disu.i^o 
Ht^^bita Wd aWmitm DejhheTn v 
Ha<iio Kie^&rcH -‘Foiuth Aiuiuj'l Hr port ... 

RirJiardjftOA, A. -Mineral Qonivui ot ''‘astnros--K* port on *V> r,>> rafeivi* 

lAveatiga^|M|,4lii Progress at i ? Waito Agricnli oral P»PMear< u Institulc 
KipoTiing HootAl^l^BaAiinas .... 

Rollers—An Inr’esi^rtjou (>f n Viisii.tl'an^H' rrI\v*»ods for U«» i»/ 

Rose, T.,Cluni<*R — 

ObB“tv&lions <oii Iho Kf'i-tiince ol to ini. station l>y t' S‘^omafh 

W otm {fl(3^!pno7i'< ftoiiH.'i) 


. Pa'ascitologieai Vuilti IdsI.- v>v h S!»eep : K‘■sulis at “ (Ji. >fIowringa/’ 
Soil’l^'Wah'.s. juul ^'rod.s! y ” Ta.HmaoM .. . • .. 

l^OAyett lnstttuto-5^*/Str.ilhf t.iM lfou.s ’ .\ Hoatol Workers .. 


m 

Mi(; 

J47' 

141 

59 


7t 

:u 


Salt Ru.‘«ho^ --Preliini]);ny |j)\cstipatioo on the CiiKiv. ion of li iigenoUH S isi 


Rnj^hes < ^pp /man V’ea e^f VVii»U>r Ruini sD/iiul "ur -ine^r hioi'*' tt J.^2 

S awMy T^irvao—-TUo ihMstunni' of Tattl * 1 * 3 ’ K.jJinjj: . . , . f>4 

Soct'OU (»f Hood J*r ‘seiva' u)it .in<l Ttan ]'.ort . . . . ^ . . dl 

SI loop RIoM'lly Tnves’ i"yt;<)ii^ -- 

' Airangomciits Tt QVsting of PropricHii y l^o.sHini's . .. 191 

Cheini< al Tro.xti ioiit ot 1.ii;.> lor All ,i. tinr; Blowllu s .. P4- 

Experiment, on AitiinicJ Bans: ‘liineui v N<'e 'O the pM'diiets of 

Becorrpoaitur of Wool Hibro {fti » um) .. .. .. 2S 

Notes on tj\e Ktl.'ot ol (Woass Tboi. I . . .. IM 

j Fly 8ti iko of 8hoi>p H Xalnral nh,.n( M-ium .. . > 

Sloop BraiiJi.ig 1 lui(i, N* n-injoTi >n to Wool ,. . 

Rsseasos— 

^ } Black >^'•^easM in France . p):; 

Case 'I i vm])h.'ulonitis: its Can.'^o to Xustralui , ^ . o.i 

O' mphadcnitis : TngoRric»n a *. M<-<1 ud <- o', . t Ion .>♦ Sheep h 

(he ' M is.C'Nof u'd Hiujiilus .. .. .. ''S 

Fivaeo -- * .Muphao'jnitis *. (Irowth of »’ • Bi. Uz’-X i,i Bai ilhis m Sh« co 
Face* . .. .. .. In: 

Caseom i.vmphaornitis : Th ‘ L)i«infot ’in){ Sht, ot; Ma»‘hioo P 'mIpkm 


Pulpy Ki'hu'V or \eii * luft.etlous Fi -lo • >\n« ,o* ^ o^ Laml'S-. i » 

^bhv'op Para 

M^ser\;i loiiM «jn < ne ResistaH'O ,)f Sh« 1 to lufestaloon hv tl* Moiri.< 

' U'’n/{07}'hvs rantf-rt^i 5 . . , I 

Parasit^.iopjccd Fit ,,i Trials wit-)'Sheep ; '/‘sn* s .it Guuflow! o • t,” >- . 

.Sout) \\ ales, at 1 “ Frodsh ^ W'r-i.sail ' a . .. .21 

Soi'«i— 

Nomenciat n»*e of A . itrahuii - . .. 


A Soil S* I ^i'>y of P-,rt of tl.' .'don lot t|, .^aion .sntiien ' v ! V <• "t jsnd of 



tli/5 Bljsi' I'liyah I. igatioii . ' ’]<• 

.. I 1 ( V ^ XV ' 

, 

215 

1 

j ( Kffec >1 a Soil 'uleh t d » 

0 .po' ’1 1 


2.9i 

y^^cla 

yHi —Li’' -’atioii of '-Ot'eu*^ ot 



i 95 

St. do 

111 . Woj! 'is AiistftAlia 



52 

Stums’ 

• ''Vorre - '»bsoriauons i Ho - 
/(( ' ino‘i( ^no < otUort 

1 ’sttt’r 0 ol SIkx p to in'’estati 

-1 by 

7t 

Str'c 

j (ona 1! . ' - A Hostf • T ; ' 

In t d vif 

'mg Re • irch X^orkors ai :i.' in 

Dwett 

2i;i 

hidT>b 

f d 0 , i 'ts 

1 


228 



COMMONWEALTH 


OF AUSTRAUA 


JOURNAL 

OF 

THE COUNCIL FOR SCIENTIFIC 

AND 

INDUSTRIAL RESEARCH 


VOLUME 6 

1933 


Editor: G. A. COOK, M.Sc., B.ME. 


Annual Subscription, 5s. Post Froe 


C .8778.—6 


H. J. Gieen, Coveinment Ptwler, Melbourne 




(PUBLISHED QUARTERLY) 


Journal of the Council for Scientific and 
Industrial Research. 


Vol. 6. FEBRUARY, 1933. No. I. 


CONTENTS. 


PAOB 

The Work of the Cotnoil for Sctemtfh’ and Ixf)r*sTRiAL Kk^karoh .. 1 

The Present Position and Future Prospkots in IIelation the Bio¬ 
logical Control of Prickly Pear, by xVlau. Dodd .. .. 8 

The Acidity of Cream and the Kkkpino Quality of Butter made from 
IT, with Special Reference to the Neutralization of Cream, by W. 

J. Wiley, M.Sc. .. .. .. . .. ^ U 

A Parasitological Field Trial on “ Gundowrinoa,’* New South AValks, 

1932, by I. Cluniea Rosa, D.V.So., and N. P. Graham, B.V.Sc... .. 26 

The Physiological Relations between Tillers of a Wheat Plant, by 

H. Fairfield Smith, B.Sc„ M.S.A. .. .32 

A Note on Some Aspects of Anti- Bacterial Immunity, by L. B. Bull, D.V.Sc. 43 

The Use of Creosote and other Tar Oils as Motor Fuels, by L. J. Rogers, 
M.Sc., B.E.‘ ..47 

Tasmanian Soils in Relation to Tree Growth in Plantations of Pinus 


radiata (imignis) and Other Exotics, by C. G. Stephens, M.Sc. .. 54 

Notes— 

The Animal Health Rosoarrh Station, Townsville .. .. .. 61 

The Thomas G. Sloane Collection of Insects (Coleoj)tcra) .. .. 61 

Entomological Investigations - Gift of £500 by Sir MaciPlici-NOii Bobertson 61 
The Blowfly Problem—Forthcoming Comprehorusivc Report .. .. 62 

^he Occurrence of Anaplasmosia in Cattle in North Australia .. .. 63 

White Ant Investigationa in North Australia .. ,. .. .. 64 

Wood Taint in Butter—Experimental Shipments .. .. .. 04 

A new Apparatus for Treatment of Wounds and Fly-struck Areas on Sheep 
during Shearing and Crutching Operations .. .. .. 66 

The Investigation of “ Coast Disease ” .. . .. 67 

Investigations with now Apple Stocks .. .. .. .. 67 

The Catalogue of Scientific Periodicals—Supplement .. .. 68 

Recent Publications of the Council .. .. .. 69 

Forthcoming Publications of the Council .. .. .. .. 70 









(PUBLISHED QUARTERLY) 


Journal of the Council for Scientific and 
Industrial Research. 


Vol. 6. MAY, 1933. No. 2. 


CONTENTS. 

FAQ a 

VlTICULTt'RAL 1NVKSTIOATIONS - COMMONWEALTH RESEARCH STATION, 

Merbbin . . . . . . . . . . . . . , . . 71 

Further Observations on the Association of Mallee Scrub with 
Frosts, by K. S. West, R.Se., MS. .. .. .. .. 80 

A Possible Biological Control of the Clover Sprinotail or Lucerne 
Flea (Sminihurus viridis L.) in Western Australia, by H. Womorsloy, 

F.E.S., A.L.S. .. .. .. .. .83 

The Active Immunization of Sheep Against Infectious Entero- 
TOXAEMiA (Braxy-like Liskase) BY Means OF B . ovitoTicus Anaculture, 
by H. W. Bennetts, B.V.Sc. .. .. .. ..92 

Some Preliminary Tests on the Control of Thrips irna^inis Bagnall, 
by J. W. Evans, M.A. .. .. .. .. .. ..99 

The Hydrogenation of Coal and Oil, by L. J. Rogers, M.Sc., B.E. .. 103 

Ragwort Poisoning of Cattle in Victoria, by 1). Muniane, B.V.Sc. .. 108 

Caseous Lymfiiadenitis Investigations: 1. Infection Experiments 
by H. Murnane, B.V.Sc. 2. Tests with Accumulated Faeces from 
Shearing Sheds where Caseous Lymphadenitis is Frequent, by H. R. 

Came, B.V.Sc. .3. Percutaneous Infection of Guinea Pigs and Sheep 
WITH Caseous Material from Natural Lesions of Caseous Lymphaden¬ 


itis, by H. R. Came, B.V.Scj. .. .. .. .. ..Ill 

The Manganese Content of Some Australian Timbers, by W. E. 
Cohen, H.Sc., and A. B. Jamieson, M.Se. .. .. .. .. 116 

Compression Wood in Hour and Bunya Pines, by H. E. Badswell, 

M.Sc., and I. Langlaiids, B.K.E. .. .. .. .. 120 

Notes— 

Requests for Publications by Predecessors of the Council .. .. 125 

Publications of the Council—The Method of Distribution ,. .. 125 

A Simple Chemical Test for separating the Woods of Hoop Piiu* (AKiucaiia 
cunninyharnii) and Bunya Pine (Araucaria bidwilli) ., .. 126 

The Green House White-Fly in Tasmania .. .. .. .. 127 

Physiology of Wheat in relation to Grain Filling ,. .. .. 128 

Peg-leg in Cattle .. .. .. .. .. .. 129 

The Imperial Agricultural Bureaux .. .. .. .. 131 

The Australian Dairy Cattle Research Association .. .. .. 132 

Electrical Moisture Motors for Timber—^Third Series of Correction 
Figures .. .. .. -. .. .. .. 133 

Recent Publications of the Council • • • • . • .. 136 

Forthcoming Publications of the Council .. .. .. ., 136 




(PUBLISHED QUARTERLY) 


Journal of the Council for Scientific and 
Industrial Research. 


Vol. 6. AUGUST, 1933. No. 3. 


CONTENTS. 

I* /Vi»K 

Botulism of Shmei* tn^ Western Australia and Its Association with 

Sarcophagia, by H. W. Bennetts, D.V.Sc. .. .. .. .. 137 

Thrips Investigation; 1. The Seasonal Fluctuations in Numbers of 
Thrips imaginis Bagnell and Associated Blossom Thrips, by J. W. 

Evans, M.A. .. .. .. .. .. .. .. 14.5 

The Composition op Different Regions of Mounds of Kuterynea 

exitioais Hill, by F. O. Hohlaway, M.Sc., Ph.D. .. .. 160 

An Analysis of Termite (Eutermes exitiosia) Mound Material, by W. E. 

Cohen, B.So. .. .. .. .. .. .. .. 166 

The Inheritance of Fluorrscbnce in Hybrids between Perennial 
Rye-Grass and Wimmera Hye-grass, by H. C. Trurablo, M.Apjr.Sr., 
and I. Phipps, M.8c., Ph.D. .. .. .. .. .. 170 

An Examination of the Amount of Iodine in the Thyroid Glands 
OF Australian Merino Sheep, by Mary C. Dawbarn, M.Sr., and F. C. 

Farr .. .. .. .. .. .. .. ..179 

An Experiment on the Effect of an Iodized Ihok on the Growth of 
Wool of the Australian Merino Sheep, by E. W. L. Lines, B.Sc. .. 181 

A Preliminary Survey of the Distribution of the Hookworm of 
Sheep in New South Walks, by G. Kauzal. D.V.Sc., and N. P. H. 
Graham, B.V.So. .. ,. .. .. .. .. .. 189 

Parasitological Field Trials with Sheep : 1. Experiments at 

“ Frodsley,” Tasmania. 2. Experiments at “ Meteor Downs,” 
Queensland, by I. Clunies Rosa, D.V.Sc., and X. P. H. Graham, B.V.Sc. 191 

Pyrethrum, by A. McTaggart, Ph.D. ,. .. .. ,, 204 

The Occurrence of Pilchard Fggs and Young Stages of the Pilchard 
IN THE Coastal Waters off New South Wales, by William J. Dakin, 

D.Sc., F.Z.S. .. .. .. .. .. .. ..211 

Notes— 

Tick and Blowfly Problems—Suggested Use of the Cattle Egret Bird 

{Babulcus Coroinandua) .. .. .. .. .. .. 213 

Requests for Publications by Predecessors of the Council .. .. 213 

The F. D. McMaster Animal Health Laboratory—Field Area at 

“ Hinchiubrook ” ,, .. .. .. .. 214 

Bunchy-top of Bananas .. .. .. .. 215 

Investigations on Apple Thrips .. .. .. 216 

Low Temperature Breakdown in Australian Apples .. .. 217 

Standard Methods for the Chemical Analysis of Butter .. 218 

The Use of Electrical Moisture Meters for Determining the Moisture 
Contents of Veneer and Plywood respectively—^Preliminary Investi¬ 
gations .. .. .. .. .. .. .. 219 

Industrial Besearoh and the Nation's Balance-sheet ” : Excerpts 
from an Address by Sir Frank E. Smith, K.C.B., D.Sc., ^o. 

R.S., &o. .. .. .. .. .. ..220 

Recent Publications of the Council .. .. .. .. .. 222 

Forthcoming Publications of the Council .. .. .. .. 224 








(PUBLISHED QUARTERLY) 


Journal of the Council for Scientific and 
Industrial Research. 

Vol. 6. NOVEMBER, 1933. No. 4. 


CONTENTS. 

I’AlJ 


UlTRICUr.TURAL RESEARCH. InVKSTICATIOXS at the C()MM(>i\\V1v.V1.TU 

Rksfaihh St\tiox, ORiFFriTf, bv E. S. West, B.So. (Adel.). 

M.8. (Calif.) .. .. ' .. .. .. .. 22.i 

The Use of Carhon Dioxide in the Storaok of C irirLEo Beei<', by W. A. 

Empey, B.V.Sc., and J. B. Virkery. M.Sc., Pli.D. .. 235 

Bi UE vStaix in Pinuft radiata {insigHis) Ti.miier. Some PREr.nriv \ky 
Experiments with (\vse Stock, by J. E. Cummins, M.Sc. .. 244 

PooTRor IN Sheep, by D. ^runianc, B.V.Sc. .. .. .. 25^ 

Downy Mildfav (Bute ^Ioxti.i)) op Tob\cco. I. The Influence op 
OVER-\ yiNTEREI) PLANTS. 11. WiLD IIOSTS. 111. SPRAYING, by A. V. 

Uill, ILSe.Agr., and IT. R. Angell, Pli.l). . .. 26( 

Foot and Root Rots of Wheat in AirsTR.\i.iA. T’he Influence op the 
Com BIN El) Action of Fusarium culmorurni (W. G. Sm.) Sacc. and 
Vrocystls Iritiei Koern. On the Occurrencte of Seeditnc. Blight. 
by W. L. Geach, B.Sc. .. .. .. .. .. 2011 

Carhon Tetrachloride. A Note on its Toxicity for Sheep, by D. T. 

Oxer, B.V.Sc. .. ... .. 271] 

Fruit Bud Studies. The Sultana: Diffi^jientiation and Development 
OF THE Fruit Bi ds, bv C. Barnard, M.Sc., an<l J. F.. Thomas, B.Sc.. 
B.Agr.Sc., B.V.Sc. ^ .. .. .. .. . 285 

The Kffi ct on the Body-V'ekjht and Wool Proih crio.v of Merino 
Sheet* of Adding Sulphur to the Dtbtt, by A. W. Peirce, B.Sc. .. 211- 

The MiciiopjioTOGRAPii y of the Living Virus of Pleuro-Pnkumonia of 
Cattle, by A. W. Turner, D.Sc., D.V.Sc. .. .. .. .. 291] 

Radio Research Board—Fifth Annual Report (for Year ending 
30tu June, 1933) :. .. 301 

The Composition of Different Regions of Mounds of Eutermes 
cjpUiosub Hill, by F. G. Holdaway, M.Sc., Ph.l). .. 30^ 

Botulism of Sheep in Western Aitstralta and its Association with 
Sarcopiiagia, by H. V'. Bennetts, D.V.Sc. .. .. .. 30i 

XOTFS— 

The Register of Agricultural Research .. .. .. .. 301 

Division of Forest Products—^t^iaitors to J-aboraturies .. .. 301 

The Gas Storage of Foods: A Review of the Present Position 3l( 

Changes in Kiln-dried Timber during Transport from Australia to 
England .. .. 3 IS 

Recent Publications of the Council 31i 

Forthcoming Publications of the Council .. .. .. .. 3H 





(PUBLISHED QUARTERLY) 


Journal of the* Council for Scientific and 
Industrial Research. 


Vol. 6. FEBRUARY, 1933. No. 1. 


The Work of the Council for Scientific and 
Industrial Research. 


The article that follows (oiisiata of a radio address whieli was hroadrast 
on the 14tli DecenilK*i, 19;12, by Senator the Hon. A. J. MeLachlan, Vice- 
President of the Kxccuti^e Council and Minister in charge of the Council 
for Scientific and Industrial Research, 'fhe address was broadcast 
siniullaneously from stations 3LO Melbourne, 2CO Corowa, 2FC Sydn.y, 
and 2NC Newcastle.—Ei>. 


By courtesy of tlic Australian Broadcasting Oommissioii, I am 
greatly privileged to be able to address you on the? subject of scientific 
research. 

Before I tell you something about the work of the Council for 
Scientific and Industrial Eescarch, and the valuable results it has 
already achieved, I will just indicate very briefly the reasons why the 
Commonwealth Government considers that it is very important in the 
national interest to support this sphere of activity. 

It is a truism that the prosperity of mankind depends very largely 
on the advancement of knowledge. Since the industrial revolution, we 
have seen a whole succession of fundamental discoveries in science, 
resulting in the establishment of innumerable new industries, in revolu¬ 
tionary changes in the habits of man, and in the development of a 
completely new social order. During the past 150 years, the progress 
made in our command over nature, and in the improvement of the 
conditions of mankind in civilized countries, has been immeasurably 
greater than in all preceding years. 

The fact that science is recognized as the foundation of the whole 
fabric of modern society need hardly be elaborated. One or two out¬ 
standing examples will suffice to illustrate that point. 

The discoveries of Faraday were all made in the laboratory, and 
were believed originally to be of no practical importance, yet in 
his discoveries lay the germ of all the dynamos and the great systems 
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of electric power transmission of the present day, including the electric 
railways and tramways, without which modern transport would be 
impossible. The researches of Pasteur were commenced entirely from 
the point of view of pure science, and it was only later that he took up 
the application of his results first to fermentation problems and then 
to the control of disease. The discovery of electric waves which now 
broadcast information and entertainment over the earth arose from a 
inathematical investigation by Clerk Maxwell, and it took 20 years to 
bring these waves out of the realm of mathematical formulae into the 
realization of fact. The discoveries in heredity and cross-breeding, 
whicli wore made initially by Mendel, and which have added millions 
to Allstralia^s wealth, originally had no industrial objective in view. 
All these, and innumerable other fundamental discoveries, have reacted 
ill an extraordinarily favorable way on the well-being and comfort of 
mankind. 

One of the striking developments of recent years has been the 
recognition by Governments of the part played by scientific research 
as one of the most important factors of national welfare. In many 
countries, national scientific research institutions have accordingly been 
established for research in applied science in connexion with the more 
important industries of the particular countries concerned. In Aus¬ 
tralia, it is only too evident that an extraordinary number of important 
national problems exist. The rapid spread of imported pests, such as the 
prickly pear, the blowfly, and the buffalo-fiy, when removed from their 
natural habitat, and from the factors that there kept them in control, 
is amazing. The breeding of plants of economic value capable of being 
grown in the drier parts of the continent; the development of methods 
whereby greater quantities of Australian-grown perishable foods can be 
placed on the markets of the world; means whereby our great timber 
I'csources can be utilized to best advantage; the examination and classi¬ 
fication of our soils so that they may bo profitably cultivated; the 
investigation of scientific problems affecting our great irrigation settle¬ 
ments; the control and eradication of animal diseases and other 
problems so vitally affecting our great pastoral industries, constitute 
other groups of problems which exist not only in one State of the 
Commonwealth but in every State. 

Much work in regard to many of these problems has been carried 
out, and in this connexion a tribute is due to the magnificent efforts 
which have been made by State Departments of Agriculture, of 
Mines, of Forests, &c., and by the various Australian Universities. 
Nevertheless, it is quite clear that if our splendid opportunities are to 
be fully realized, Australian effort in the field of scientific research must 
be intensified. 

In 1926, the Government accordingly decided to place the Council 
for Scientific and Industrial Research on a proper and effective footing, 
and it is pleasing to bo able to record that that action, as well as the 
continued support of the Council, has received the general commendation 
of every party in the Federal Parliament, as well as approval and 
co-operation from very many outside organizations. 

Our scientific research costs, from Government sources, between 
£60,000 and £70,000 per annum. This figure is most insignificant as 
compared with the expenditure of other countries. In England, for 
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example, in 1931, the sum of £87,000 was provided for the Fuel Kesearch 
Board alone; £106,000 for the National Physical Laboratory; £38,000 
for the Building Research Board; £68,000 for fisheries research; and 
£464,000 for agricultural research. 

The figures for the United States of America are even more striking. 
In that country the Federal Department of Agriculture expends about 
£6,000,000 per annum on research, to which must be added very con¬ 
siderable expenditure on the part of the various States; the Bureau of 
Standards costs about £880,000; and the total funds voted to research 
by various American industries has reached the astounding figure of 
£40,000,000 per annum. 

In Canada, the sum of £600,000 was expended recently on the con¬ 
struction of governmental research laboratories alone. Many other 
striking figures could be quoted in relation to other countries, like Japan, 
Germany, and so on, but for present purposes, the few illustrations which 
I have quoted serve to show the importance Avith which the world vioAVS 
scientific investigation. 

To all those who are engaged in waging a gallant struggle against 
economic adversity, like the primary producer, I would especially stress 
the importance of science. At Ottawa, we obtained preferences for 
Australian products, but these adA^antages Avill be nullified, unless the 
quality of our products can be maintained at a standard competitive Avith 
that of other countries. This can be achicA^ed only by the adoption of 
scientific j)rocessos. 

The possible scope of the C^ounciPs investigations is A^ery Avide indeed, 
and having regard particularly to the amount of money and the supply 
of trained iiiA-estigators available, the Council had soon after its creation 
to decide on the branches of work on which its efforts should primarily 
be concentrated. The principal work has accordingly been organized 
in the following groups or sections:—(i) plant industry; (ii) economic 
entomology; (iii) animal health; (iv) animal nutrition; (v) soils 
and irrigation; (\d) forest products; and (vii) preservation and trans¬ 
port of foodstuffs. 

A great deal of the CounciFs work is carried out in close co-operation 
with other organizations, such as the State Departincmts of Agriculture, 
Universities, the Waite Agricultural Research Institute, and so on. 
The Council has, in fact, succeeded in bringing about a full measure 
of real co-operation among the bodies concerned AAuth scientific industrial 
research throughout Australia. This has been achieved largely through 
the State Committees, which have been established in each State, and 
through the Standing Committee on Agriculture, which comprises 
amongst its members the permanent head of each State Department 
of Agriculture. 

Nevertheless, it was obviously necessary for the Council to have 
certain research laboratories of its own. Laboratories for plant research 
and entomological investigations have been established at Canberra. 
At Adelaide, there are the Animal Nutrition and the Soils Laboratories— 
the former located in the grounds of the University of Adelaide, and the 
latter housed in a building made available by the generosity of the 
Darling family. At Sydney, there is the McMaster Animal Health 
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Laboratory, erected and equipped from the munificent gift of Mr. F. D. 
McMaster. At Melbourne, there is the Forest Products Laboratory. 
At Brisbane, there is the Cold Storage and Food Preservation Labora¬ 
tory—the gift of the Queensland Meat Industry Board. Near Towns¬ 
ville, there is a laboratory for the investigation of animal health prob¬ 
lems affecting cattle in North Australia. Then at Merbein, in Victoria, 
there is a research station for the investigation of problems affecting 
our dried vine fruits, and at Griffith, New South Wales, another research 
station for w’ork on problems connected with the citricultural industry. 

At its Plant Industry Laboratory, at Canberra, the Council is giving 
special attention to plant diseases, which cause an annual loss in 
Australia of £12,000,000 sterling. Already, results of very substantial 
value have been obtained. For example, the investigation on bunchy- 
top in bananas, a disease which was devastating our banana plantations, 
gave results which have been applied so successfully by the New South 
Wales and Queensland Departments of Agriculture that the banana 
industry has now been re-established on large areas in those States. 
Bitter pit in apples, which was so serious a menace to our export apple 
industry, has been shown to be intimately related to immaturity at 
picking time, and the annual loss of £100,000 in export apples may now 
be reduced to negligible proportions. Blue mould in tobacco, which 
often completely destroys tobacco crops in many parts of Australia, 
is being investigated, and already results having an important bearing 
on the control of the disease have been obtained. A commercial method 
of getting rid of water blister of pineapples, which causes a loss of 
£12,500 per annum, has been discovered. Spotted wilt in tomatoes, flag 
smut and root rots in wheat, and other diseases are being attacked, and 
good progress is being made. 

At the Entomological Laboratories, one section is concentrating on 
the control and eradication of weed pests by introducing from abroad 
insects which destroy them. Insects which attack St. John^s wort have 
been discovered, introduced, and acclimatized,, and many thousands of 
them have been distributed in New South Wales and Victoria. Insects 
which attack Noogoora burr have been found in America, and already 
one species has been introduced into Australia. Consignments of a 
moth which destroys ragwort have been obtained from New Zealand, and 
have been liberated experimentally. As regards insect pests, a group 
of entomologists has been concentrating on the buffalo-fly pest, which 
is so serious a menace to Australia’s cattle herds, and parasitic insects 
have been brought from the Dutch East Indies. The sheep blowfly pest 
is also being tackled vigorously, and already good progress has been 
made, particularly in the acquisition of a large amount of fundamental 
knowledge regarding the various species primarily responsible for 
attacking sheep. 

Another important group of national problems which is being 
tackled by the Council is that relating to diseases of stock, particularly 
sheep and cattle. Perhaps the outstanding achievement in these investi¬ 
gations is the discovery and practical application of a vaccine against 
black disease of sheep, which is estimated to cause an annual loss of 
£1,000,000. The cause of the Beverley disease of sheep in Western 
Australia has been discovered, and a vaccine which has been evolved 
has given very satisfactory results. Successful results have also been 
obtained from the parasitological investigations which are now centred 
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at the F. D. McMaster Laboratory, in Sydney. At the Animal Health 
Research Station recently opened near Townsville, a number of im¬ 
portant problems affecting cattle in ^N'orthern Australia are being 
investigated. 

At its Animal Nutrition Laboratory, at Adelaide, the Council is 
concentrating its work almos^t entirely on a fundamental study of sheep 
with a view to building up a body of knowledge which will enable 
definite guidance and advice to be given to pastoralists so as to enable 
them to overcome certain serious difficulties with which they are faced. 
As a result of field trials in Queensland, it has been shown that under 
certain conditions it is possible to obtain an increase of over 30 per cent, 
in the weight of the fleece, at a relatively small cost. In certain parts 
of Australia the pastures are deficient in various mineral constituents 
which are essential to the well-being and growth of sheep, and investi¬ 
gations are being carried out in order to determine how these difficulties 
can best be overcome. Another important section of the nutrition work 
is that relating to the feeding of sheep in times of drought. The object 
of these investigations is to obtain full information regarding the amount 
of energy contained in various foodstuffs, their digestibility, and price. 
In this way the most economical methods of hand-feeding during periods 
of drought will be determined. 

Investigations on soil problems have b(‘en concentrated mainly on 
the irrigation settlements, with the objects, firstly, of advising settlors 
as to the methods to be adopted in order to make their areas more 
productive, and secondly, to make investigations of the soils of virgin 
areas for future settlement. The survey work in the Murray River 
settlements will be completed in about two years^ time, and the njsults 
obtained show not only that much of the loss on these settlements could 
have been avoided had the necessary investigations been made, but also 
that future developments in irrigation settlement can be undertaken 
with a full knowledge, so far as suitability of soils is concerned, of the 
conditions essential for successful production. 

The dried fruits industry of Australia has an annual turnover of 
over £3,000,000, and the viticultural and citricultural industries have 
led to the establishment of thousands of homes in the irrigation areas, 
and to the expenditure of large sums of money on dams, channels, 
pumping stations, &c. Since the establishment of the Councirs Research 
Station at Merbein, the yield of dried fruit per acre has been more 
than doubled, and this increase has been accompanied by a substantial 
improvement in quality. It may, in fact, be claimed that the present 
satisfactory condition of the industry is in no small degree due to the 
results of the Councirs w^ork, which results are each year becoming more 
and more generally applied, with consequent improvements in yields, 
processing methods, and quality, and enhanced prices for the products. 
An outside estimate has assessed the added value of the dried fruit crop 
at £8 per ton as the result of the work of the Merbein Research Station. 
Similarly, the work at the Citricultural Research Station, Griffith, is 
yielding most valuable results. The experiments have shown that citrus 
fruit yields can be profitably increased by the adoption of certain cul¬ 
tural "and manurial methods, and these methods are now becoming the 
standard practice on the Murrumbidgee Irrigation Area, with a conse¬ 
quent increase in productivity, and reduction in cost. 
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The recently formed Division of the Council dealing with forest 
products problems, with its laboratory at Melbourne, has already 
achieved very great success. It has been instrumental in bringing about 
improvements of material value in many directions. As an example, 
the work on the use of Australian timbers for the manufacture of butter 
boxes may be mentioned. Frequent complaints have been received in 
the past that butter exported in boxes of Australian wood developed 
wood taint. Most Australian butter is at present exported in boxes of 
New Zealand white pine. The experiments have been most successful, 
and a rapid and cheap method has been developed for treating timber 
so as to prevent taint. The method is now being tested by semi-large 
scale shipments of butter to England. It is probable that the investiga¬ 
tions will lead to the utilization of very large quantities of Australian 
timber in place of that at present imported. 

Another important development is the establishment of an industry 
in Western Australia for the production of tannin extracts from waste 
karri and marri barks. This industry is based directly on the results 
of the research work of the Council, and is a gratifying conclusion to 
years of experiment. It is anticipated that the industry will develop 
an extensive export trade. A third development of great importance 
appears to have resulted in a definite promise of the establishment of 
tlie paper-making industry in Australia. In spite of the CounciFs 
successful work on the manufacture of paper-pulp from Australian 
timbers, it has for long been impossible to get any acceptance of the 
fact that our liardwoods can be used for the manufacture of paper. 
DiflSeulties arc now being overcome, and the way is clear for the estab¬ 
lishment of wliat may develop into one of our most important industries. 
Very satisfactory work, of much value to our timber industries, has also 
been done in the seasoning and preservation of Australian timbers, and 
in Iheir utilization for many industrial purposes. 

Until recently, the Council’s investigations into problems connected 
with the preservation and transport of foodstuffs, particularly by cold 
storage, lias beem confined largely to isolated* problems which, though 
yielding valuable results, were difficult to co-ordinate, and did not 
adequately cover the field of urgent investigations required. Though it 
had long been the intention of the Council to develop this field of 
investigation in view of its great importance, particularly to our export 
industries, lack of funds and of trained scientific investigators prevented 
tlie formation of a suitable organization. However, recently the Council 
has been able to establish a small section to deal in a more systematic 
way with these problems. At the laboratory at Brisbane, the problem 
of the export of chilled beef is being intensively investigated. The 
importam^e of this work lies in the fact that, owing to the longer voyage 
to England, Australian beef lias to be frozen, and does not fetch so high 
a price on the London market as Argentine chilled beef. An investiga¬ 
tion is also being conducted on problems connected with the export of 
pig carcasses to England for the manufacture of bacon. Work on the 
ripening and storage of bananas has been very successful, and the results 
are being adopted commercially. In Melbourne, work is in progress on 
the storage and transport of oranges, apples, and other non-tropical fruit. 

Perhaps the most spectacular success achieved is in the destruction of 
prickly pear. This work was undertaken at the instance of the 
old Advisory Council of Science and Industry, and is being carried out 
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by the Commonwealth Prickly Pear Board. It is well known that 
already heavy growth of pear has been destroyed on millions of acreSy 
and whilst there are certain aspects of the problem, such as the destruo- 
tion of re-growth from the butts and roots of the old plants, the attack 
of parasites of Cactoblastis insects, and the destruction of the dreaded 
tiger pear, which still require close attention, there is reason to believe 
that in the course of a few years Australia will have succeeded in ridding 
itself of this great invasion, which constitutes the worst plant pest the 
world has ever known. Already areas previously covered by pear are 
being brought back into cultivation, and when it is realized that the 
prickly pear belt extends to no less than 60,000,000 acres, the enormous 
value of this extraordinarily successful work will be realized. 

It is impossible to express in pounds sterling the value of the results 
already achieved, but it is very clear that it is many times greater than 
the total cost of the investigations. In fact, no type of effort is capable 
of returning higher dividends than scientific industrial research, j^ar- 
ticularly when applied to our primary industries. One of the most 
gratifying features of the CounciFs work is the evidence of appreciation 
it has received in the way of substantial grants, both in money and kind, 
from many commercial and industrial interests. 
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The Present Position and Future ‘ Prospects in 
Relation to the Biological Control or Prickly 
Pear. 

By Alan. P. Dodd.* 

The report that follows has been prepared by the Officer-in-Charge of 
the Commonwealth Prickly Pear Board’s investigations, and has been 
made available bv that body for publication. The Board is financed 
by contributions from the Council for Scientific and Industrial Research 
and the States of Queensland and New South Wales in the pro¬ 
portion of 2:1:1. At present, it is constituted as follows:—W. L. Payne 
(Queensland Department of Lands), (Chairman) ; G. Lightfoot (Council 
for Scientific and Industrial Research) ; Professor E. J. Goddard (Council 
for Scientific and Industrial Research) ; and G. D. Ross (New South 
Wales Department of Agriculture). 

The work described in the report has been particularly successful, and 
quite an outstanding instance of the economic value of scientific research. 

This will be obvious when it has been seen from the report that the 
original pear infestation of 60 million acres—-an area slightly larger than 
the whole State of Victoria, and also very little less than the total area 
of Great Britain and Northern Ireland—^lias all been attacked, and that 
with care there is every prospect of entirely ridding Australia of the pest 
in a comparatively short time. Science can thus fairly claim to have 
almost redeemed to Australia, and at a comparatively infinitesimal cost, 
a province of the si/e of the State of Victoria, and one which bade fair to 
Ijecome utterly useless.—Ei>. 


Summary, 

The past three years have brought a very great change in the prickly-pear 
situation. Widespread destruction of the pest has followed the general establish¬ 
ment of Cactohlastis, to such an extent that the greater part of the original pear 
has collapsed in Queensland and the northern areas of New South Wales. Tn 
Queensland a vigorous policy of the development of pear lands for closer 
settlement is being pursued—a wonderful tribute to the efficiency of insect 
destiuction. 

But tliere is still particular need for scientific leseaich and investigation. 
Re-growth, which invariably springs up after the initial collapse of prickly-pear, 
is a feature of the situation in many districts. Although Cfictohlaatuf destroys 
this secondary wave of the pest readily, the Board is making a special endeavour 
to establish other insects for its more rapid control. Natural parasites kill a 
percentage of the Ca^^tohl^istis population; mortality from these agencies is not a 
serious lactor and does not appear to be increasing; nevertheless, the question 
demands continued study. In the Hunter River districts of New South Wales, 
insect destruction has been much slower than elsewhere, but is now giving promise 
of eventual success. 

The tiger-pear, Opuntia aurantiaca, which spreads very rapidly, is being made 
the subject of a special investigation for the introduction of its particular insect 
enemies. The tree-pear {Opuntia tomentosa) position in Central Queensland ’4s 
being watched carefully. 

Ill conclusion, it should be emphasized that the biological control of prickly- 
pear has been, up to the present, an outstanding success—a success that could 
hardly have been visualized five years ago. 

1. Progress to May, 1929. 

The last publication by the Board dealt with the progress of the 
biological control investigations to May, 1929. At that time, cochineal 
was gene rally established throughout the pear areas: it had considerably 

• O.11oer-in-charge of the Commonwealth Prickly Fear Board’s Investigations. 
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reduced the height and density of the pear infestation in the heavily- 
timbered brigalow and belar scrubs, and had brought about very effective 
destruction of Opuntia stricta in Central Queensland. The prickly-pear 
red spider, Tetranychus opuntiae, had co-operated with cochineal in 
the thinning out of the dense pear in the scrub areas. The plant bug, 
€helinidea tahulata, was established in enorm.ous numbers at ni^ny points, 
where it was assisting to control the fruit and new growth of the pear. 
The large-scale distribution of Cactoblastis cactorum had been com¬ 
menced; around some of the centres where the earliest experimental 
liberations in 1926-27 of this insect had been placed, the destruction of 
the pest over areas of from a few to 1,000 acres indicated, in 
aome degree, the remarkable progress that might be expected in the near 
future. But the greatest success had been achieved in the virtual checking 
of the spread of the pest, a huge increase estimated at nearly 1,000,000 
acres annually, as a result of a combination of insect activities and of 
energetic poisoning methods adopted or enforced by the State prickly- 
pear organizations. 


2. Progress since May, 1929. 

The campaign of Cactoblastis distribution was carried out on a most 
•extensive scale by co-operation between the Board and State authorities, 
and was practically completed by the end of 1930, when 3,000,000,000 
eggs of this insect had been released throughout the length and breadth 
of the entire pear area of Queensland and New South Wales, either by 
direct Government action or through supplies given free of cost to 
land-owners. So quickly did Cactoblastis become established that, by 
the end of 1931, it could be said that it existed on practically every 
acre of the tremendous pear infestation of both States; and so rapidly 
did it increase that widespread collapse of the primary pear followed 
its activities in every district except the more southern pear area of 
New South Wales. 

Thus the past three years have witnessed a very sudden cliange in 
the prickly-pear situation. The success of Caclohlastis has been most 
spectacular. Over enormous areas the original dense pear, that had 
flourished unchecked for years, has been destroyed. This statement is 
not intended to convey the impression that the pest has been completely 
annihilated, for a secondary growth is present in greater or less degree; 
the re-growth question will be discussed more fully in a special section 
of this review. As an example of the remarkable progress achieved by 
Cactoblastis, one instance may be given. In August, 1930, the con¬ 
tinuous and almost unbroken pear belt along the Moonie River, Southern 
Queensland, showed for 150 miles no destruction, and so light an infesta¬ 
tion of Cactoblastis that further distribution was considered. However, 
the increase of this insect was so rapid that in August, 1932, two years 
later, 90 per cent, of the primary pear had disappeared. In Queensland, 
the chief remaining large belt of the two pest pears, Opuntia inermis 
and Opuntia stricta, is between Goondiwindi and the Moonie River. 
Probably 80 per cent, of Queensland's dense primary pear has been 
destroyed. Very fine results have been achieved in the North-west and 
the Pilliga State Forest areas of New South Wales; it is estimated that 
the primary pear has been reduced in all pear districts of that State, 
excepting the Hunter Valley and Camden districts, by from 50 to 60 
per cent. 



10 


But as the effectiveness of Gactoblastis has increased, that of the 
other pear insects has diminished. The dense concentrations of 
Chelinidea tahulaia have decreased in the pest two years to rather 
scattered numbers. Bed spider, as an effective controlling agency, no 
longer counts. The sphere of usefulness of cochineal has been restricted 
to the sporadic destruction of new growth. The favorable results at the 
present juncture can be attributed mainly to the work of one insect, 
namely, Cactobla^tis, 


3. Reclaiming of the Land. 

The Queensland Government immediately took advantage of the 
first widespread destruction of prickly-pear to promulgate a compre¬ 
hensive scheme for the development for pastoral, grazing, and 
agricultural purposes, of land retrieved from the pest by insect agency. 
The programme is being pushed forward expeditiously. Already 
1,514,881 acres of pear land have been re-selected for mixed farming 
operations, and 1,701,308 acres for grazing, all with development 
conditions. Ring-barking and falling of the useless timber, the clearing 
of roads and fence lines, and the erection of fences are proceeding apace. 
The homes of new settlers have made their appearance. Artificial 
grasses are being sown as the clearing of the timber progresses. Crops 
have already been grown successfully. 

This marked evidence of progress is an outstanding tribute to the 
success of the biological control campaign. Within the next few years, 
great areas of former useless pear land will be brought into productive¬ 
ness. The many new settlers will mean the growth of townships within 
the former prickly-pear area. Indeed, at Chinchilla, a new butter 
factory, shops, &c., already point to greater expansion in the near future. 

The clevelopinent of pear lands, except in the case of a few small 
areas, has been possible within the past two years onljr. Hence the 
work of bringing the reclaimed land into productiveness is as yet in its 
initial stages. 


4. The Other Side of the Picture. 

The spectacular destruction of Cactoblastis has tended to give the 
impression that the prickly-pear problem has been completely solved, 
and that no further research work is necessary. When the extent of 
the collapse of the primary pear is realized, and when mile after mile 
of dead and rotting pear is viewed, the tendency to magnify the 
admittedly wonderful results and to overlook the incompleteness of the 
destruction is natural. It is therefore necessary to point out in what 
manner the destruction is incomplete, and to indicate the many aspects 
of the problem that require continued attention. 

(i) Re-growth. —Care has been exercised in the foregoing sections 
of this article to distinguish the destruction by Cactoblastis as the collapse 
of the primary or original prickly pear. But this destruction, spectacular 
as it has proved, is far from meaning the complete annihilation of the 
pest. Immediately after the initial collapse of the pear, one sees nothing 
but dead pear for a few months. The butts and roots, however, have not 
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been completely destroyed, and when the growing season of the plant, 
September-December, arrives, re-growth appears. A secondary growth 
is not peculiar to insect destruction, for it invariably springs up after 
poisoning operations among dense pear. 

In the early days of Caciohlastis progress, re-growth was not a 
pronounced feature. The separate areas of destruction were not 
extensive, and the insect population in the surrounding standing pear 
soon overflowed on to the new growth, and brought about its control 
rapidly. But when the activity of Cactoblastis encompassed the collapse 
of the whole or major portion of the primary pear in a district, the 
population of the insect suddenly dropped through starvation to very 
low numbers, and the small residue was quite inadequate to destroy the 
recurring growth immediately. 

The first big wave of re-growth arose in the early summer of 1930. 
Tn many areas, it was subjugated during the summer by Cactoblastis, 
which occurred in very large numbers in other portions of the same 
districts. However, in the Chinchilla district, the vigorous re-growth 
flourished unchecked throughout 1931; the Cactoblastis infestation, at 
first very light, increased in each succeeding generation, and the new 
growth was brought under control in the 1932 winter, or nearly two 
years after its appearance. 

Another example of the control of re-growth may be given. In 
December, 1931, a very dense and vigorous re-growth over several 
thousand acres on the eastern side of the Mungle Scrub, New South 
Wales, had reached the fruiting stage. The Cactoblastis population, 
which must have been light indeed eighteen months earlier, was now 
most satisfactory. Six weeks later, at the end of January, 1932, the 
whole of this re-growth had collapsed. 

Following the great advance of destruction of primary pear, the 
recurring growth of the 1931 summer involved very considerable areas. 
Much of this secondary wave of the pest still flourishes, fifteen months 
later, and in places has recently flowered and fruited. However, 
Cactoblastis is present wherever re-growth occurs. This succulent type 
of pear is the most favorable medium for the rapid increase of the insect, 
and there is no reason to expect that the control of existing areas of 
re-growth will not be brought about within a short space of time. In 
Central Queensland, for some reason, possibly because of dry winter 
and early summer months, re-growth has not attained dense proportions, 
and has not escaped, even if temporarily, the attention of Cactoblastis. 

In June, 1931, the Board decided that, although the prospects of 
control by Cactoblastis were exceedingly hopeful, it would be unwise to 
leave the eventual control of re-growth to Cactoblastis alone. Hence a 
programme for the introduction of new strains of cochineal was com¬ 
menced. Supplies of these insects have been secured from several places 
in America, and are being reared, with a view to their distribution in 
the near future. Furthermore, an endeavour is being made to import 
from North America a particular insect, Mimorista, the caterpillars of 
which feed on young growth solely. With these insects co-operating 
with Cactoblastis, it is hoped that more rapid control of re-growth may 
be brought about. 
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(ii) Natural Enemies of Cadohlastis, —The future of Cactohlastis 
depends upon the extent of the controlling influences exercised by disease 
and parasitic agencies. Disease organisms are always present among 
the larvae, and have at times assumed serious epidemic proportions. 
However, as outbreaks are sporadic, and appdar to be restricted to 
localities where the larvae are heavily concentrated, diseases are unlikely 
to bring about control of this insect. 

Several native parasites have already turned their attention to 
Cactohlastis, and two have assumed some importance. The investigation 
of the habits and the controlling effect of these parasites is an important 
phase of the Board’s work. Records of the degree of parasitic attack 
are gathered from many different localities, in order that the general 
position in the various districts may be gauged. At present, the control 
by parasites averages 15 per cent, in Central Queensland and north-west 
New South Wales, 5 to 10 per cent, in southern and south-west Queens¬ 
land, and 20 per cent, in the Hunter River district. New South Wales. 
Thus, parasites are not exercising any important degree of control. In 
the past tw’o years, the percentage of mortality from parasitic attack 
has not increased, and there is no reason to anticipate that it will 
increase in the future. If Cactohlastis were ever to be rendered 
impotent, it would mostly probably be due to the controlling action of 
parasites. Hence it is essential that scientific observation and investiga¬ 
tion should be maintained on this important question. 

5. Other Problems. 

The re-growth situation, and the extent of parasitism, may be con¬ 
sidered the main questions of the future, since they are pertinent to the 
whole of the prickly-pear area. There are, however, various other 
problems of a more or less sectional nature. 

(i) The Hunter River Situation, —Although large-scale destruction 
of prickly-pear is being secured over the major portion of the infested 
area, there are certain districts where Cactohlastis and other prickly-pear 
insects have not given entirely the same favorable results. The largest 
of these sections is the Hunter River Valley, where the dense pear 
infestation occupies probably 2,000,000 to 3,000,000 acres. The Hunter 
River situation has been, for the past two years, the subject of a special 
investigation by the Board. It has been ascertained that the slower 
progress of Cactohlndis is due to a combination of climatic factors and 
of soil conditions affecting the greater portion of the pear in this area. 
Until 1931, the results of the extensive distribution of Cactohlastis had 
been disappointing, in that the insect had failed to become established 
generally. In the past eighteen months, however, Cactohlastis has made 
appreciable progress; areas of destrucuon, somewhat limited in extent, 
occur at various points, while a light infestation has become fairly 
general throughout the district. It is hoped that this progress will 
continue, and that eventually the Hunter River pear will be brought 
under control. 

(ii) Tiger-pear (Opuntia aurantiaca). —This plant occurs in many 
places in Queensland and New South Wales. Although the total 
infestation is not very great, possibly not more than 26,000 acres, it is 
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increasing rapidly, the rate of spread being much greater than that of 
the main pest pears. Moreover, the application of poisoning methods 
has not succeeded in coping with this dangerous plant, which is a very 
serious pest in South Africa. 

Cactohlastis will destroy the upper growth, but not the underground 
bulb. The recuperative powers of the plant are so great that a few 
months after its apparent destruction it has regained its former size. 
When the failure of Cactohlastis to control this pest had been ascer¬ 
tained, the Board despatched two officers to South America eighteen 
months ago to undertake a special investigation of the insect enemies 
of 0. aurantiaca and its near allies. A strain of cochineal attacking 
0. aurantiaca has recently been received from the Argentine, where 
other insects are being studied, with the view to their early introduction 
into Australia. 

(iii) Tree-pears, —Extensive areas of tree-pears, Oputilia tomeniosa, 
and 0, streptacantha, more particularly the former, occur in Central 
Queensland. In the case of 0, streptacantha, a special strain of 
cochineal from Mexico is succeeding in destroying the young plants, and 
is causing damage to the large plants. 

As regards 0, tomentosa, Cactohlastis will destroy the young plants, 
but will not attack the larger plants. The control of the seedling plants 
would seem assured while Cactohlastis is present on strict a and inermis 
in the same district, since there is always a suitable food supply for the 
caterpillars, and the resulting moths will deposit eggs on any young 
0. tomentosa plants that may arise. Hence, the spread of tree-pear 
is prevented, and the large plants must gradually die of old age. But, 
in the event of the 0. stricta and 0. inermis infestation being eradicated, 
the control of young tree-pear may cease, and it may become necessary 
to take further steps toward the introduction of particular insect enemies 
of this plant. 
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The Acidity of Cream and the Keeping Quality 
of Butter made from it, with Special 
Reference to the Neutralization of Cream. 

By W. J. Wiley, M.Sc. 


From time to time in recent years, various authorities have stressed 
the need for further research work into problems of the Australian 
dairying industry. After a very extensive inquiry into all aspects of that 
industry—the importance of which may be gauged from the fact that it 
is responsible for a return of some £10,000,000 per annum from butter 
exports alone—the recent Federal Dairy Investigation Committee reported 
that, in addition to research work in pastures, diseases, &c., there was 
need “ for a research service in dairy bacteriology and biochemistry which 
would investigate problems of a more fundamental character which are 
common to all States.’* 

It had accordingly been hoped that with the completion of Mr. Wiley’s 
work on the prevention of wood taint in butter, it would Jliave been 
possible to provide the necessary funds for further work on other problems 
connected with butter iiroduction. One such problem is the determination 
of the best degree of acidity to adopt in the case of butters intended for 
the export trade. As a preliminary to some work on that matter, Mr. 
Wiley has spent some time reviewing the literature dealing with the 
effect of acidity on the keeping qualities of butter. Unfortunately, it 
has not been possible for the Council, with its limited resources, to finance 
further work, but, as the above-mentioned review may be of some interest, 
an article based on it has been prepared by Mr. Wiley, and is published 
below. Those specially interested would be able to peruse the more 
detailed review at the Council’s head ollice.—Ki). 

S uimnary, 

1. The results of some of the more important of the published results on the 
acidity of cream and the keeping quality of buttei prepared from it have been 
rev iewed. 

2. The subject of cream neutralization has been briefly reviewed, and some 
theoretical aspects of the subject discussed. 

3. The results of a recent examination of 70 samples of butter are given, and 
show the lack of standardization in the acidity. 


1. Introduction. 

In the last year, 91,086 tons of butter, valued at over £10,000,000, 
were exported from Australia, and the greater part of this would not 
reach the ultimate consumer’s table until at least two months after 
manufacture, and might even be held for a considerably longer period. 
The necessity of Australia manufacturing butter of particularly good 
keeping quality is thus obvious. 

It speaks volumes for modern methods of manufacture and control 
that most of these export butters deteriorate very little during the 
necessary storage. The gross causes of deterioration have been studied 
and largely eliminated, but there is still considerable discussion over the 
more detailed aspects of the subject. For instance, although the fact 
that high acid butters do not hold up on storage is well known, the exact 
degree of acidity desirable is not so well established. 
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The acidity of the butter is a factor influencing the chemical changes 
taking place even at cold storage temperatures. A large amount of 
practical experimental work has been published on this subject, and 
probably even more not published. Very little, however, has been done 
on the theoretical aspects, and beyond such vague generalities as that 
acidity favours fat hydrolysis, thus leading to greater susceptibility to 
oxidation, the precise reasons for the profound effect of what is after 
all a quite small acidity in even the most acid butters have not been 
established. Practical work has been stimulated by the fact that low 
acidity of the butter and the choicest flavour of the fresh product are, 
to a certain extent, antagonistic. Butter churned from sweet cream 
lacks the flavour and aroma-producing substances which many people 
consider essential for the choicest product. When these are developed 
by cream ripening, the acidity inevitably produced spoils the keeping 
quality of the butter. In some factories where sweet cream is received, 
this has led to the practice of ripening and then neutralizing the acidity 
to ensure good keeping quality and still leave some of the flavour of the 
ripened cream butter. Where the cream is received already sour, 
neutralizing is essential to obtain keeping quality. 

It has been mentioned that although the deleterious effect of high 
acidity is well known, the most desirable acidity is not so well established, 
and wide differences of opinion exist among butter-makers on the subject. 
It is the purpose of this article to describe briefly some of the more 
important experimental work which has been published on the subject. 
Unfortunately, most of that work which gives full experimental details 
has been done in other countries, and may not be applicable in detail 
to Australian conditions. 

Obviously it is the acidity of the butter that affects its keeping 
qualities, and the only control over this the butter-maker has is the 
acidity of the cream, so that practically all the work has been done on 
the acidity of the cream at churning time. The experiments divide 
themselves into two groups, those where the cream acidity has been 
obtained by ripening, and those where the cream has first become sour 
and then neutralized to the desired figure. The best acidity for keeping 
quality may not necessarily be the same for the two methods. 


2. The Keeping Quality of Butters from Un-neutralized Creams of various 

Acidities. 

As early as 1890, several authors had reported the superior keeping 
qualities of sweet cream butter. The work of Rogers and associates 
(1909-1913) definitely established this, and indicated the factors 
influencing the changes during cold storage of butter. The oxygen 
content of the butter was found to decrease, and when excess air was 
worked into the butter, deterioration was accelerated. It was suggested 
that the off flavours produced might be at least in part due to oxidation 
of lactose, and this would be accelerated by lactic acid, because of inver¬ 
sion of the lactose. The catalytic effect of traces of copper and iron 
was fully established. It should be noted that Rogers found that lactic, 
hydrochloric, or acetic acids added to bring the acidity from 0.22 to 0.46 
per cent, to sweet pasteurized cream of acidity 0.13 per cent, caused 
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similar deterioration to that produced by lactic acid from natural 
ripening. The increased oxidation due to acidity, therefore, is not a 
specific effect of lactic acid, but rather an effect due solely to acidity. 

Rogers also found that high acidity and salt concenti^ation led to the 
taint of fishiness and Supplee (1919), Cusick (1920), and Sommer and 
Smit (1923) confirmed this, and showed that trimethylamine, which is 
produced by the hydrolysis of lecithin, is responsible for the fishy flavour. 
O’Callaghan (1907) claimed that salting had nothing to do with 
fishiness, and that it was due to the mould Oidium lactis growing in 
conjunction with B, acidi lad id. It is interesting to note that he stated 
that the terror of the Australian butter grader is that form of decom¬ 
position which is accompanied with a fishy flavour.” With the 
subsequent adoption of neutralization and pasteurization of cream, tliis 
taint has lost much of its importance in Australia. 

Dyer (1916) studied the chemistry of the deterioration in cold 
storage butter by measuring the change in composition of the gas 
enclosed within tlie butter. He found very little change in the oxygen' 
content of butter made from sw(*et cream or sweet cream plus starter 
(0.25 per cent, acidity) after storing six months at 0 deg. F. When the 
cream was acidified with lactic acid to an acidity of about 0.7 per 
cent, before churning, there were pronounc(‘d changes in the gases on 
storage, the oxygen (content decr(*asing. Pure butt(‘r-fat did not absorb 
appreciable quantities of oxygen on storage, while butter intentionally 
made to contain more than the normal proportion of non-fatty solids 
absorbed oxygen. In none of the experiments were the chemical 
constants of the butter-fat appreciably altered. Dyer concluded that 
these results indicate that the non-fatty solids rather than the fat are 
concerned with the deterioration of storage butter from acid cream. It 
is possible, however, that the non-fatty solids and acidity exert a 
catalytic effect in the oxidation of the butter-fat, and that their presence 
is necessary for appreciable oxidation under the conditions. For 
instance, Briggs (1931) found that lactic acid has a pro-oxidative effect 
on butter-fat, although he found curd to have an anti-oxygenic action. 
The absence of change in the analytical constants of a fat cannot be 
taken as proving that there has not been sufficient chemical action to 
affect the flavour materially. Changes in flavour can be detected long 
before there is any appreciable alteration in the usually determined fat 
constants. Dyer’s results, however, definitely showed the more rapid 
oxidation of some butter constituent with increased cream acidity. 

Hunziker and Ilosman (1917), in a study of tallowy butter, ascribe 
this fault to glycollic acid produced by the oxidation of glycerol or 
lactose. They do not state that this fault is most common in butter from 
high acid cream, but claim it to be produced when the butter is made 
from an alkaline cream. It may here be mentioned that tallowy 
flavours are now generally considered to be due to oxidation of the fat, 
commencing at the double bonds in oleic or linolenic acids present, 
although the exact mechanism is not thoroughly understood. While this 
is undoubtedly true for a pronounced tallowy flavour, accompanied by 
bleaching of the fat, it is by no means established that the comparatively 
mild taints, sufficient, however, to degrade the butter, and termed 
tallowy,” are due to the same cause. These can be detected before 
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the butter-fat gives a positive Kreis reaction, and this, in turn, is given 
during the period of induction of the fat oxidation, before active uptake 
of oxygen has commenced. 

Grimes (1923) did not find the butter from ripened cream invariably 
deteriorated appreciably when stored six to seven months at — 6 deg. F. 
The cream was ripened to 0.5 to 0.61 per cent, acidity, and salted from 
1.5 to 2.1 per cent. The good keeping quality of some of this butter is 
surprising. He concludes that “ the occurrence of erratic decreases in 
score of butter made from ripened cream which rarely occurs when the 
cream is not ripened suggests that the deterioration of butter made from 
ripened cream is due to some as yet undetermined cause which may be 
aided in its action by the lactic acid produced during the ripening of the 
cream.^^ 

Ilunziker (1927), in discussing cream ripening, states that the 
danger of chemical deterioration of salted butter due to cream ripening 
may be not only minimized, but entirely avoided by so adjusting the 
jiCr cent, acid in the cream, and the time and temperature of the 
ripening process as to ensure relatively low acidity, not to exceed 0.32 
per cent, in the cream at churning time.” With unsalted butter, the 
acidity may be 0.4 to 0.5 per cent. The figure 0.32 per cent, for salted 
butter is stressed throughout the book, and is considered a quite safe 
maximum. Although the subject is discussed at length, experimental 
results justifying such a comparatively high figure are not given. 

llagliind and Waller (1922-1929) investigated the manufacture of 
butter under Swedisli conditions. They confirmed the deleterious effect 
of high acidity on keeping quality. However, the acidities appear to be 
much higher than is generally considered desirable in this connexion, 
as they ranged up to 0.8 per cent., but the storage periods were com¬ 
paratively short, namely, 20 days. They found that washing of the 
butter could not appreciably affect the acidity of the butter-fat or serum, 
and that the pH of the serum was mainly determined by the acidity of 
the cream. 

White, Trimble, and AVilson (1929) report a complete series of 
experiments carried out with the object of determining just what is the 
most desirable acidity at which to churn cream where the butter is to 
he stored. Only salted butter was considered, the salt varying from 1.8 
to 2.8 per cent. 

In different series of experiments, the following methods of 
standardizing the acidity were used:—Addition of lactic culture and sub¬ 
sequent pasteurization; pasteurizing and then adding culture; pas¬ 
teurizing followed by ripening; and ripening and neutralizing followed 
by pasteurizing. From their own results and examination of 
many commercial butters, the authors conclude that the quality of butter 
after storage is proportional to the acidity of the cream from which it 
was churned. When the butter was stored at 0 deg. F., the decrease in 
score, even after eight months, was very slight for acidities up to 0.31 
per cent. The authors, however, state that there appears to be no 
advantage in making butter for storage from cream with an acidity as 
high as 0.31 per cent. Ripening cream with a lactic culture, even to low 
acidities, improves the score of the butter when fresh, but the improve¬ 
ment was usually lost during storage. 

Some work has been published in which the hydrogen-ion concen¬ 
tration of the butter, rather than the titratable acidity of the cream, has 
been considered. Parfitt (1927) reports the results of the examination^ 
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of 186 samples of cold storage butters. The pH was found to increase 
during a storage of four months, but Parfitt does not correlate any 
decrease in score of the butter with the original pH. He found values 
ranging from 4.6 to 7.2. Cream neutralized to an acidity of 0.1 per 
cent, gave a butter of pH 7.2, to 0.2 per cent, a pH of 6.6, and to 0.3 per 
cent, a pH of 6.0. His determinations were made by making a 1 in 10^ 
dilution of the melted butter and using this for a colorimetric estima* 
tion. The aqueous phase of the butter was thus diluted at least 1 in 60 
before measurement, so, although tho results may be comparative, little 
importance can be attached to the absolute values. 

Guthrie and Sharp (1931), in an investigation of the effect of pH 
on churning time, made some interesting observations. They covered a 
wide range of acidities, far greater than would ever occur in practice. 
The fresh cream was adjusted to the desired pH by the addition of acid 
or alkali. The experimental butters were stored for seven months at 
0 deg, F., and the results are shown diagrammatically thus:— 


sharp 

acid cheesy 

off flavours 
stale fishy 

Flavour, 

best flavours 
trifle stale 

soapy 

stale alkaline 

r ^ 

tallowy 

r ' 


> 

pH 'l 2 3 

Toe 

'-I . 

7 8 9 10 

11 12 13 14 

white 


yellow 

white 


Colmir. 

The range pll 6 to 9 for best flavours is interesting. A cream of 
pH 8 to 9 would be very much over-neutralized, but no mention is made 
of alkaline flavours in the butter (compare the results of Barlow men¬ 
tioned later). However, the authors point out that “it should be 
remembered that while the best flavour was found in the range from pH 
6 to 9, the range of best flavour might be quite different if the cream 
had first been allowed to sour and had then been neutralized.” 

Hunziker, Cordes, and Nisson (1931) suggest the possibility of using 
pH as a test to indicate the suitability of butter for cold storage. They 
say that preliminary studies indicate a correlation between the pH of 
butter and its keeping quality. Their paper, however, is mainly devoted 
to the determination of pH of butter, and its relationship with the pH 
of cream and buttermilk. Nisson (1931) discusses the pH of butter and 
its relation to titratable acidity. 

The papers so far discussed are confined to the keeping quality of 
butters churned from creams of varying acidities, but have not con¬ 
sidered the neutralization of cream before churning when the cream 
has already developed excessive acidity. Practically all the authors 
agree that salted butter from high acid cream generally suffers in 
keeping quality, but this is not invariably the case. There appears to 
be some unknown factor which, in conjunction with high acidity, leads 
to deterioration in cold storage. When a large number of samples have 
been worked with and the results averaged, the loss in score during 
storage seems to be proportional in any increase in acidity over about 
0.16 per cent. However, up to about 0.3 per cent., the loss appears to 
be negligible, and may be offset by improvement in the original score of 



the butter. This upper limit of 0.3 per cent, appears to be well 
established by the papers quoted. Most of the papers deal only with 
■salted butter, and there seems to be room for further work with unsalted 
butter. From the limited amount of published work, it would appear 
that this keeps better when made from ripened cream. Practical 
experience in Australia has not always confirmed this. A large amount 
of unsalted butter is now used in the manufacture of reconstituted milk 
and cream, and for this purpose, the flavour imparted by ripening cream 
is undesirable. 

3. The Neutralization of Cream for Butter-making. 

With the advent of the farm separator, and the consequent great 
increase in the supply of sour cream to the butter factory, the process 
of cream neutralization became common. At first, there Was a tendency 
to regard neutralization as a form of adulteration, and some of the 
earlier papers are written with the object of justifying the practice, and 
showing the small effect it could have on the composition of the butter. 

O’Callaghan (1915) gives a general discussion on the advantages and 
disadvantages of pasteurization and neutralization of cream under 
Australian conditions at that time. He finds it advisable to neutralize 
to something below 0.2 per cent.”, and states that neutralization with 
sodium bicarbonate greatly reduces food flavours by aeration. Kamsay 
(19i5) discusses the possible reactions when sodium bicarbonate and 
calcium hydroxide are added to sour cream, and gives the results of 
analyses showing little difference in composition of butters made from 
neutralized and raw creams. Meinnes and Kamsay (1918), and 
O’Callaghan and Ramsay (1918), describe the use of lime as a neutraliz¬ 
ing agent. They also describe experiments where sodium peroxide was 
used as a neutralizer. It is not surprising that they found the butter 
had a “greasy taste, inclined to be tallowy.” Ramsay (1920) reports 
the results of numerous laboratory and factory experiments on the 
neutralization of cream with sodium bicarbonate and lime. The results 
are interesting in showing the tremendous variations which can be 
obtained in factory work in the results of the neutralization. Complete 
neutralization with lime was never found, and very erratic results 
obtained with sodium bicarbonate. With the latter reagent, more com¬ 
plete neutralization was obtained with the flash system of pasteurization. 

MeInnes (1921) reports some experiments where a mixture of sodium 
bicarbonate and lime was used for neutralizing. Only about 60 per 
cent, of the theoretical effect was obtained, but the author does not 
comment on this result. 

Valentine (1925) also, in a general article on neutralization with 
sodium bicarbonate, mentions some of the difficulties encountered in 
obtaining exact results. He says the addition of soda solution to the 
cream does not reduce the acidity more than 0.02 or 0.03 per cent, 
until heat is applied. After a certain amount of soda has been added 
to the cream, an extra quantity increases the acidity instead of reducing 
it. This is sometimes the case when neutralizing to a low degree of 
acidity, as is common in New Zealand (about 0.1 per cent.). 

Barlow (1922) describes some interesting experiments on the effect 
of over-neutralizing the cream, and concludes that butter made from 
cream neutralized as low as 0.2 per cent, alkaline with sodium^ bicar¬ 
bonate had no objectionable alkaline flavour, and that objectionable 
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alkaline flavours are due to faulty neutralization processes rather than 
excess of neutralizer. It is interesting to note that Parfitt (1927) found 
that butters criticized for having an alkaline flavour showed a pH on 
the acid side, averaging 5.35 on entering storage, and 6.38 on leaving 
store after four months. This increase during storage was considerably 
greater than that shown by any other type of butter. Evidently, some 
abnormality in ionic conditions in the butter serum was responsible for 
the “ alkaline flavour. These results and those of Guthrie and Sharp 
(1931) confirm Barlow’s finding that a neutralizer flavour is not 
necessarily due to over-neutralizing. 

Ilunziker (1927) fixes 0.25 per cent, as the best figure to aim at in 
neutralization, so that there will be no danger of exceeding an acidity 
of 0.32 per cent, in the cream at churning time, the latter being the 
figure he considers the danger point when the keeping quality of the 
butter is considered. He discusses the various neutralizing agents that 
have been used, and states that the neutralizing action of the various 
soda neutralizers (carbonate, bicarbonate, sesquicarbonate, and pro¬ 
prietary mixtures) is exactly as calculated by chemical equations 
assuming a simple combination with lactic acid. With lime, he stat(?s 
that the neutralization obtained is approximately 80 per cent, of that 
calculated. 

Davell (1929) made numerous small-scale experiments on cream 
neutralization in South Africa, where the practice does not appear to be 
general. He found no advantage from neutralizing creams which were 
below 0.4 per cent, acid, and even when the cream acidity was above 
0.5 per cent, the improvement gained by neutralizing was not particu¬ 
larly marked. The acidity was reduced to 0.25 per cent. The results 
are interesting as showing a recent investigation where generally accepted 
practice was not upheld. However, it appears from the figures given 
that South African and Australian grading must be entirely different, 
and probably in many experiments, factors other than acidity wore 
causing such serious deterioration that the effects of acidity were over¬ 
shadowed. 

Walts and Libbert (1930) experimented with eleven neutralizers, 
including sodium bicarbonate, sodium carbonate, four proprietary 
mixtures of these, and five lime-magnesia mixtures. A complete analysis 
is given of these. In all cases, the use of the neutralizer improved the 
score of the fresli butter, but in no case was there sufficient difference to 
justify a conclusion that any one particular neutralizer had any distinct 
advantage over any of the others so far as the flavour of the butter 
was concerned. 

The majority of the work published, and the results obtained in 
countries where neutralization is a regular procedure, show that the 
keeping quality of the butter is undoubtedly enhanced by the practice. 
Most authors favour a neutralization to 0.2 to 0.25 per cent, acidity. 
There is no doubt, however, that many experienced butter-makers con¬ 
sider neutralization to a lower point to be desirable, and many factories 
have for years neutralized to about 0.1 per cent, acidity with good 
results. The majority of the papers published are American, and the 
authors have generally considered there is a danger of neutralizer flavour 
when a low acidity is adopted. When the original acidity is high, 
they recommend a smaller reduction than when low, to obviate the 
necessity of adding a comparatively large quantity of neutralizer. 
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However, very few results are quoted where the neutralization has been 
earried below 0.2 per cent. BarloVs results are interesting, as he made 
butter scoring as choicest when the cream had been made actually 
alkaline with sodium bicarbonate. It has been recommended to 
neutralize to 0.1 per cent, when the cream had an acidity of 0.35 per 
cent., and when of acidity over 0.5 per cent, to neutralize to 0.04 per 
cent. (Stenning, 1932), this being the reverse of the procedure common 
in America. However, experimental details of the advantages to be 
gained have not been given. There appears to be need of a complete 
and careful investigation to establish the most desirable acidity to which 
to neutralize the cream. Admittedly good butter can be made over a 
fairly wide range of acidities, but with the most desirable figure more 
firmly established the way would be open to the manufacture of a 
better standardized product. 

The rate of reaction of the various neutralizing agents and the extent 
to which they reduce the acidity as compared with what might be 
expected, assuming a simple reaction with lactic acid, are questions 
which frequently arise. A few authors claim to have obtained the 
theoretical reduction wdth all of the common neutralizers, including 
lime, but when the subject has been carefully studied, quantitative results 
have never been obtained (see particularly Eamsay (1920) and Valen¬ 
tine (1925)). 

4. Notes on the Theory of Cream Neutralization. 

The dairy industry has adopted its own arbitrary method of express¬ 
ing the acidity ” of its products. The acidity of milk and cream is 
always measured by titrating with a standard solution of sodium 
liydroxide, using pheiiolphthalein as an indicator, and in British and 
American countries the value so obtained is calculated as percentage 
lactic acid. While the use of phenolphthalein as indicator is most 
desirable, on account of the comparatively good end point obtained in the 
titration, it is unfortunate in that it has given rise to the too commonly 
held impression that a milk or cream showing a titratable acidity is 
necessarily “ acid ”, and that the contents of “ acid ” is proportional 
to the figure obtained in the titration. This, of course, may not always 
be the case. The end point obtained with phenolphthalein in the titra¬ 
tion of milk or cream occurs at about pH 8.5, i.e., distinctly alkaline. 
Milk and cream are well buffered solutions, and require aii appreciable 
quantity of alkali to bring them from the true neutral point of pH7 to 
that of the phenolphthalein end point. Moreover, the acid-base system 
is so complex that different procedures in titration, such as dilution of 
the sample, lead to different results for the acidity. The phenolphthalein 
end point, although better than that given by other indicators, is not 
particularly sharp, and this, coupled with the nature of the fluid 
titrated, leads to difficulties in the exact control of acidity when low 
figures are desired. 

A typical sour cream of titratable acidity 0.40 per cent, would have 
a pH of approximately 4.8. Its acidity before souring commenced 
would be about 0.11 per cent., and the lactic acid developed 0.29 per 
cent., assuming a simple lactic fermentation. At pH 4.8, the lactic 
acid (pK “ 3.8) would be already 90 per cent, neutralized, so that 
greater part of the acidity measured in the titration is due to the other 
milk constituents present which buffer between pH 4.8 and pH 8.6. 
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These are the protein, chiefly casein, and the phosphates, citrates, and 
carbonic acid. The reactions are greatly influenced by the calcium 
and magnesium present, because of the low solubility of their phosphates 
and the slight dissociation of calcium citrate and caseinate. 

When the acidity is measured by titrating with caustic soda, there is 
considerable fading at the end point, showing equilibrium is not estab¬ 
lished. This is due to the slow precipitation of tricalcium phosphate, 
as in the presence of calcium, phosphoric acid titrates to phenolphthalein 
as a tribasic acid and not as a dibasic acid as in simple solutions. When 
lime is used as a neutralizing agent, and the cream pasteurized, the tri-^ 
calcium phosphate precipitation is more complete, and thus a lesser 
degree of neutralization is obtained than would have been expected from 
the caustic soda titration. Also Palmer and Eichardsoii (1926) 
obtained the followdng results for the base binding power of casein:— 


pH. 

Oram equivalents of base-bound x 10-*. 
per gram of casein. 

NaOH. 

Oa(OH)a. 

6 

8 

32 

7 

58 

70 

8 

76 

88 


At pH 6, the higher quantity of calcium bound would correspond to- 
about 0.05 per cent, of lactic acid in the titration, and at pH 7 to about 
0;026 per cent. Thus, both the reaction with the phosphates and casein 
lead to a lesser neutralization when using lime than is to be expected 
from the soda titration. 

When sodium bicarbonate is used as a neutralizer, it is obvious that 
the full reduction in acidity cannot be obtained before the cream is 
pasteurized. Sodium bicarbonate is neutral to phenolphthalein; so,, 
in the cold, complete neutralization of the creto to this indicator could 
never be obtained. When the cream is pasteurized, carbon dioxide is 
lost, and the reaction approaches that obtained in the titration with 
sodium hydroxide. When the holding system of pasteurization is used^ 
however, the loss of carbon dioxide is probably never complete, and the 
theoretical reduction in acidity is not obtained. The carbon dioxide is 
more completely driven off in flash pasteurization, so a lower acidity is 
found in the cream. 

The carbon dioxide originally present in the cream behaves in the 
same way. If the sample which is titrated is not boiled, this carbon 
dioxide is estimated in the acidity, but after pasteurization of the main 
bulk of .cream the carbon dioxide is driven off and the neutralization 
obtained may be greater than was calculated on. It has been suggested 
that other volatile acids produced by bacterial action sometimes occur^ 
and in a similar way lead to errors in neutralization. This is hardly 
likely, however, as the only probable acids, besides being much less 
volatile than carbon dioxide, are considerably stronger and at the pH 
at which the cream is pasteurized would be held back as salts. 

Even after pasteurization, it is possible that equilibrium is not fully 
established. It is well known that a slight flavour of neutralizer in 
freshly churned butter generally disappears after a few days. The 
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results of Parfitt (1927) are suggestive. He found that butters 
<;riticized for alkaline flavour were really acid when examined for pH, 
but that the pH increased during storage by slightly over one unit, 
whereas with other butters the increase was about 0.3 units. 

From the above considerations, the erratic behaviour often noted in 
•cream neutralization is not surprising. 


5. Results of an Examination for Acidify of Victorian Butters. 

The large variation in acidity of the butters now exported from 
Australia is shown by the following results, which wore obtained 
on 70 samples of butter recently examined. These ware obtained for a 
diflFerent investigation, by Messrs. Loftus Hills, and Scharp of the 
Victorian Department of Agriculture, and the author is indebted to 
these investigators for the opportunity of making the following measure¬ 
ments. With a few exceptions, the butters would all have been made 
from neutralized cream. The measurements were made on samples 
approximately one week after churning, and which had been kept in a 
chilled, but not frozen, state. The butters w(‘re all of first or choicest 
grade, and fell into the following groups:— 


Grade for flavour. 

! 

No. of samples. 

! 

1 Per cent of total 
j number of samples. 

39 

1 

3 

4 

40 

8 

12 

41 

24 

35 

42 

27 

39 

43 

7 1 

10 


For convenience, the results are grouped in the following table 
according to the pH range of the samples. 


pH range of 
serum. 

No. of 
samples. 

Mean 
acidity of 
butter as 
per cent, 
lactic. 

Miean 
acidity of 
serum as 
per cent, 
lactic. 

Mean acid 
value of fat 

Mean peroxide 
in fat 

(c.c.^N..8.0. 
j per gram of fat). 

Mean grade 
for flavour 
maximum 

50 points. 

6-2-6-39 

1 

0*0500 

0*260 

0-63 

1*1 

40 

5-4-5-69 

0 

• • 

.. 



.. 

5*0-6-79 

2 

0*0295 i 

0*164 

0*48 

0*83 

41*25 

6-8-6-99 

7 

0*0249 

0*104 1 

0*67 

0*79 

41*14 

6-0-6-19 

6 

0*0208 1 

0*086 ! 

0*60 i 

0*76 

41*58 

6*2-6*39 

16 

0*0164 

0*073 

0*60 

0*87 

41*54 

6*4-6*69 

10 

0*0132 

0*060 

0*63 

0*63 

41*61 

6*6-6*79 

4 

0*0108 1 

0*039 

., 

0*66 

41*26 

6*8-6*99 

7 

0*0090 

0*037 

0*54 

0*66 

41*67 

7*0-7*19 

12 

0*0073 

0*023 1 

0*66 

0*60 

41*64 

7*2-7*39 

3 

0*0063 

0*014 

0*62 

0*48 

41*60 

7*4-7*69 

1 

0*007 

0*007 

0*41 

0*4 

41.5 

7*6-7*79 

1 

Alkaline 

Alkaline 

0*26 

0*2 

41 


70 




1 
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The following conclusions may be drawn from these results:— 

1. The range of acidities is quite large. There is a distinct grouping 
of the samples about pH 6.3 and 7.1. Other evidence indicates that 
these figures correspond very approximately to acidities of 0.18 and 
0.09 per cent, respectively in the cream. 

2. There is a distinct correlation between the pH of the butter senim 
and titratable acidity of the butter and the serum. The pH of the 
butter serum was determined by the quinhydrone electrode on the 
undiluted serum, the butter acidity by the method of Nissen (1931) 

N . 

using sodium hydroxide, and the titratable acidity of the serum by 

titrating 10 cc. diluted to 100 cc. with ^ sodium hydroxide. 

50 

3. There appears to be no correlation between the acid value of the 
fat and the acidity of the butter, except perhaps with the two most 
alkaline butters, but as only two samples wTre examined any conclusions 
would be doubtful. It is possible that the serum has been sufficient^ 
alkaline to neutralize some of the fatty acid of the fat phase. 

4. There is a correlation between the peroxide of the fat (Lea, 1931) 
and the acidity of the butter. If it can be established that this peroxide 
content is a true measure of the incipient oxidation of the fat and the 
onset of tallowiness, this result is important. The examination after 
three months’ storage should give more conclusive results. The 
coefficient of correlation between the acidity and peroxide is — 0.51. 
As other factors, such as presence of copper and iron, and exposure to 
light, have been neglected, this correlation with acidity of the aqueous 
phase is interesting. 

5. There appears to he no connexion between the grading of the 
various butters when fresh and their acidities. Except in the extreme 
instances where there were very few samples, choicest butter was found 
in all the groups. It is apparent that neutralization can be carried to 
quite a low degree without adversely affecting the flavour. In fact, 
from the results of these butters, acidity between say pH 5.6 and 7.4 
seems to be one of the minor factors affecting the grade of the butter 
when fresh. 

These results are included here to show the large variation in acidity 
obtained in good quality butter. If the most desirable acidity could be 
firmly established the way would be open for the manufacture of a more 
uniform product of possible better keeping quality. 
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A Parasitological Field Trial on “ Gundowringa,” 
New South Wales, 1932. 

By L Clunies Ross, D,V.Sc* and N, P. Graham, B.V.Sc.'t 

During 1931, field trials were initiated by the Division of Animal 
Health in order to investigate different aspects of the problems involved 
in controlling losses from internal parasites of sheep. This work forms 
part of the programme that is being undertaken by the Division under 
the Australian Pastoral Research Trust-Jiimpire Marketing Board scheme 
(see this Journal, August, 1931, p. 134). The trials themselves are 
being carried out with the kind co-operation of Mr. D. E. Donkin, of 
“ Meteor Downs”, Springsure, Queensland; Mr. C. E. Prell, of “ Gundow- 
ringa ”, New South Wales; and Mr. K. Brodribb, of “ Frodsley ”, 
Tasmania, all of whom have very greatly facilitated the experiments 
by making the necessary experimental sheep and land available. The 
article that follows discusses the second yearns work at “ Gundowringa ”. 

'I’he results of the first year’s work at that station were published in 
a previous issue (February, 1932, p. 31).—Ed. 

Summary, 

1. Corriedale ewe lambs, grazed on improved pasture, both with and without 
anthelmintic treatment, and with and without rotation of pastures, at the rate 
of 2^ and 3 sheep per acre, respectively, made very much greater average gains 
in live weight, and produced from If to 2^ lb. more wool per head than sheep 
on natural pastures at the rate of one sheep per acre. 

2. The average gain in live weight was 14 lb. per head and per acre on 
natural pasture; while on improved pasture, without rotation, it was 49 lb. 
per head and 122.5 lb. per acre, and on improved pastures, with rotation, it was 
ol lb. per head and 153 lb. per acre. 

3. Sheep on natural pasture produced, on an average, 9 lb. 2 oz. of wool per 
head and per acre, while on improved pasture up to 11 lb. 13 oz, per head and 
35 lb. per acre were produced. 

4. The sheep on improved pasture, and treated with an anthelmintic (carbon 
tetrachloride) at monthly intervals did not show any increase in body weight 
in comparison with sheep on similar pasture but not treated with an anthel¬ 
mintic. 

5. The sheep on improved pasture, treated with an anthelmintic (carbon 
tetrachloride), showed a material increase in the weight of fleece produced per 
head in comparison with untreated controls, 

6. Ihe effect of improved pastures on wool character was to produce a slight 
lowering in the count, but such wool was estimated to give as high, or higher, 
percentage clean scoured yield as that from natural pasture, and was of better 
staple length. 


1. Introduction. 

In 1931, the Council for Scientific and Industrial Research con¬ 
ducted a field trial on Gundowringa ” (20 miles north of Goulburn, 
New South Wales), to obtain evidence as to the effect of heavy stocking 
on improved pastures in increasing the risk of parasitic infestation. 
The results of this trial tended to show that, owing to the improved 
condition of sheep on such pastures, any increased risk of exposure to 
parasitism was more than compensated for by the greater resistance 

* Offlcer-ln-charge of the F. D. MoMaster Animal Health Latoratory. 

t Now an officer (tf the Australian Pastoral Besearch Trust, but formerly an officer of the 
Council allocated to the Investiffations being oanied out under the Australian Pastoral Besearch 
Trust-Empire Marketing Board scheme. 
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of sheep to infestation. The trial about to be described was designed 
to offer confirmation to that of 1931, and had, in addition, the object 
of determining the effect of improved pasture in altering wool character. 

Five groups of sheep were employed, as follows:— 

1. Lot 1 comprised 50 sheep, grazed on natural pasture, at the 
rate of one sheep per acre. No treatment for parasites was given 
throughout. (Though this pasture had not been artificially im¬ 
proved, it was in part considerably better than the general natural 
pasture, owing to the fact that it had been a sheep-camp before the 
original property was subdivided). 

2. Lot 2 comprised 60 sheep, grazed on improved pasture, at 
the rate of 2^ sheep per acre. No treatment for parasites was 
given. The improved pastures consisted of pasture that had 
been sown with subterranean clover and English meadow grasses, 
and fertilized every second year with 1 cwt. of superphosphate per 
acre. 

3. Lot 3 was identical with Lot 2, except that all sheep were 
treated each month with 2 ccs. of carbon tetrachloride in 3 ccs. of 
liquid paraffin. 

4. Lot 4 comprised 60 sheep, run on improved pastures, which 
were subdivided so that each unit was stocked for one month and 
then iinstocked for three. The average stocking of the whole area 
was three sheep per acre. 

5. Lot 5 was identical with Lot 4, except that all sheep received 
monthly treatment with carbon tetrachloride, as in the case of 
Lot 3. 

Parasitic Conditions at the Beginning of ihe Trial. —Prior to the 
commencement of the trial, five sheep of the same age and type as those 
selected were examined post-mortem to determine the type of worm 
infestation present. It was found that the degree of infestation varied 
greatly in individual lambs, being quite heavy in certain small, under¬ 
sized animals, but very light in those which were well grown. The 
species represented were Haemonchns contorins (the large stomach 
worm), Ostertagia spp., principally 0. circumcincta (the brown hair 
worm, or medium stomach worm), Trichosirongylus spp. (the small 
stomach and intestinal worm), Nematodirus filicollis (the thin-necked 
intestinal worm), and in the large bowel Chaheriia ovina and Oesopha- 
gostomum venulosum. 


2. Conduct of the Trial. 

The trial was begun on 8th January, 1932. The trial sheep were 
selected from Corriedale fiock ewe lambs, 4 to 5 months old. The lambs 
were classed beforehand, and 270 selected as nearly equal in weight and 
condition as possible, any exceptionally large or small lambs being 
discarded. The weight of each lamb was recorded, and it was found 
that the average weight of all five lots was from 65 to 66 lb. 

All sheep were weighed subsequently, at monthly intervals, and Lot 
3 and Lot 6 were drenched with carbon tetrachloride. In order to 
observe, if possible, any marked change in the degree and type of 
parasitic infestation, faecal samples were cultured from five sheep in 
each group, the animals being chosen at random, at each monthly 
weighing. 
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In the hope of setting up initially some definite degree of infestation 
in all sheep with what is probably the most important species, Haemonr 
chus contortv^, each animal at the start of the trial was drenched with 
a dose of 100 11, contort us larvae by syringe. 

The trial was terminated on 24th October, that is, after some nine 
and a half months. At this time, the sheep were shorn, individual 
fleece weights being recorded and the fleeces classed for quality and 
general character. 

At the end of the trial, three sheep in each of Lots 1, 2, and 3, and 
five in Lot 4 were killed and examined post-mortem for parasites. 


Climatic and General Conditions 
during the trial was as follows 


during the Trial .—The rainfall 

(Inches.) 


J anuary .. .. . . — 

February .. .. . . .64 

March .. .. .. .. 4.62 

April .. .. .. .. 2.19 

May ., .. .. .. .83 

June .. .. .. .. 3.22 

July .. .. .. .. 2.68 

August .. .. .. .. 3.08 

September .. .. .. 1.59 

October .. .. .. 1.86 


Total 


20.71 


Owing to the lack of rain in January, and the low fall in February, 
it was not possible to maintain at the start the monthly rotation of 
Lots 4 and 5, as the available small dams of water gave out. In the 
heavily-stocked improved pastures, clovers, and grasses were eaten well 
down, but the sheep of these lots compared quite satisfactorily with the 
lot on the more lightly-stocked natural pasture. 

Following good rains in March, all four improved pasture lots betran 
to make rapid weight gains, which were continued throughout the ’s^ry 
severe winter, during which very low temperatures, with occasional falls 
of snow and sleet were experienced up to late August. In contrast, Lot 
1, on unimproved pasture, showed no material weight gains until Sep¬ 
tember, these gains becoming marked in October. 


Parasitic Infestation .—Faecal cultures on 8th February, one month 
after the trial began, gave a considerable proportion of H. cqniortus 
larvae in all groups. 


ii.. 


Lot 1 showed 57 to 96 per cent, of H. contortus. 


Lot 2 
Lot 3 
Lot 4 
Lot 5 


yy 


74 to 98 
53 to 78 
40 to 99 
6 to 71 


yy 

yy 

yy 

yy 


yy yy 
yy yy 
yy yy 


yy 

yy 

yy 

yy 


yy 


yy yy 
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Faecal cultures, on Sth March, prior to the heavy rains of that 
month, showed— 


Lot 1 showed 92 to 99 per cent. H, contortus. 


Lot 2 

99 

82 

to 

100 

99 

99 

Lot 3 

99 

0 

to 

39 

99 

99 

Lot 4 

99 

78 

to 

92 

99 

99 

Lot 5 

99 

0 

to 

2 

99 

99 






99 


99 


It will be seen that two successive monthly treatments in Lots 3 and 5, 
under dry conditions, had effected a very striking reduction in the 
degree of infestation with H, contortus. Following the March and later 
rains, faecal specimens became diarrhoeic, and were less satisfactory to 
culture, but in all lots, whether treated or untreated, the degree of 
infestation with H. contortus diminished during the later winter months, 
only a minority of animals from which faeces were cultured showing 
such infestation. In September, the number of animals showing JET. 
contortus again rose, but, owing to the unsatisfactory nature of cultures, 
it cannot be said definitely how the general degree of infestation in the 
several lots compared, but all appeared light. 


3. Results of Trial. 


(i) Body Weight 

At the conclusion of the trial in October, the average body weight of 
the five lots, and the average gain per head, and average gain in live 
weight per acre in the five lots, were as follows.— 


Lot. ' 

Average Weight in 

Coumls ' 

1 (October). 

1 

1 Average Gain Per 

Head in PoundB. 

1 Average Gain in Live 
Weight Per Acre 
in Pounds 

1 

80 1 

14'6 

14-5 

2 

114-5 

49-0 

122-6 

3 

116-6 

490 

122-6 

4 

117-6 

51-0 

163-0 

6 

116-5 

6ro 

153-0 


It is seen that very striking increases occurred in all improved 
pasture lots, as compared with Lot 1, but that Lots 2, 3, 4, and 5 showed 
very little difference in their average weight gains. Dr. Carr Fraser 
has examined statistically the detailed figures from which the above 
table was drawn up, and finds no significant difference between any of 
tliese four lots. It is apparent (a) that Lot 2 and Lot 4, on improved 
pasture, untreated, compare more than favorably with Lot 1, and (6) that 
any increased risk of parasitism in the absence of treatment on heavily 
stocked iproved pastures has been more than offset by the greatly 
improvev nutrition of these animals. So far as the comparison of 
treated with untreated lots (Lots 2 and 3 and Lots 4 and 5) is con¬ 
cerned, medicinal treatment for parasites in no way influenced weight 
gains. 

C.289.-~2 
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(ii) Fleece Weights. 

Tlio iiverngo flc^ece weights per head of each group, aud fleece pro¬ 
duction ])cr acrt*, as determiued hy weighing each fleece, w<m‘(‘. as 
follows:— 


Avorace Fleece Weight ' Fleece Weight 

Fer Head J Fer Acre. 


1 

2 

3 

4 

5 


9 lb. 2 oz. 
111b. :ioz. 
11 lb. 13 oz. 

10 lb. 14 oz. 

11 lb. 10 oz. 


9 lb. 2 oz. 
27 lb. 3 oz. 
29 lb. 8 oz. 
32 lb. 10 oz. 
34 lb. 14 oz. 


The figures for fleece production represent eleven months’ wool 
growth, the lambs having been shorn previously on 21st November, 1931, 
while for only nine and a half months during the actual trial had they 
been grazed under varying conditions. It is seen that all four improved 
pasture lots produced more fleece than the natural pasture group. So 
far as the effect of medicinal treatment is concerned. Lot 2 is comparable 
with ]^ot 3, and Lot 4 with Lot 5. Dr. Carr Fraser has found that the 
probability of the difference in production of Lot 2 and Lot 3 being 
due to chance is I in 80, this being almost significant, while* the 
difference between Lot 4 and Lot 5 is undoubtedly significant. It is 
seen, therefore, that though the body w'eights of these groups did not 
differ significantly, medicinal treatment was able to bring about a 
significant increase in wool production, even though parasitic infesta¬ 
tion at no time was really heavy, while it is probable that H. contortus 
was the only parasite the incidence of w^hich was markedly affected by 
the treatment. 


(iii) Quality of Wool, 

So far as the quality of wool in the several lots was concerned, 
attention was directed towards the elucidation of the influence of 
pasture improvement in affecting wool character, particularly its 
strength (count) and condition. It is generally held that grazing sheep 
on improved pasture markedly strengthens wool, and also increases the 
amount of condition carried, thus lessening its clean scoured yield, and 
lowering its value. It was also necessary to see whether repeated (10) 
monthly drenchings with carbon tetrachloride had had any harmful 
effect on the fleece, it having been maintained in some instances that 
such drenching leads to harshness of the fleece. 

Count .—The percentages of fleeces classed as from bO’s to super 
60’s in each lot are given below. As set out, 58/60’s and 60’s are 
grouped together, as are 60+ and 64, of the latter of which very few 
occurred. 


Lot. 

% 56’8 or leas. 

?« 58. 

% 68/60 and 60. 

1 Super. 60 and 64. 

1 

2 

10 

67 

31 

2 


• 27 

56 

17 

3 

7 

20 

63 

20 

4 

2 

21 

68 

19 

5 

4 

27 

54 1 

16 
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It is seen that, in each lot, the bulk of fleeces fell in the 58/60, 60’s 
group. In Lot 1 there was a higher percentage of super 60 and 64’s, 
while in the improved pasture lots there was a correspondingly higher 
proportion of 58’s. There was, however, very much less difference in 
count in the improved compared with unimproved lots than is popularly 
supposed to occur. It has to be remembered, moreover, that a well 
and evenly grown 58’s wool may have a higher spinning value than a 
poorly grown 60’s, and this point must also be considered in evaluating 
the effects of improved pastures on wool character. 

Staple Length .—Considerable difference in staple length was found 
when Lot 1 was compared with any of the improved pasture lots. In 
Lot 1, the bulk of the fleeces were 3 inches to 3^ inches in length, while 
in all improved pasture groups the majority of fleeces were of 4-inch 
length or over. 

Estimated Clean Scoured Yield .—Clean scoured yield was estimated 
by a skilled wool classer, after careful examination of each fleece. Con¬ 
trary to popular opinion, there were considered to be at least as many 
high-yielding fleeces in each improved pasture lot as on the unimproved 
lot. The majority of fleeces in all lots fall within a group estimated to 
yield from 57 to 58 per cent, of scoured wool, and actually in each of 
Lots 2, 3, 4, and 5 there was a slightly greater proportion of higher 
yielding wool (59 to 60 per cent, or over) than there was in Lot 1. 

Influence of Repeated Drenching .—There was no evidence that 
repeated drenching with carbon tetrachloride had in any way affected 
wool character adversely. The wool in Lots 3 and 5 was as clean, 
bright, and attractive to handle as that of Lots 2 and 4. 

4. Parasitic Infestation found on Post-mortem Examination at the 
End of the Trial. 

From faecal cultures, it was found that some degree of infestation 
with H. contortus existed in all groups. It was evident, therefore, that 
monthly drenching in Lots 3 and 5 had failed to eradicate this species, 
even though in Lot 5 rotation over pastures rested for three months 
between successive stockings had been practised. As has been men¬ 
tioned, several animals in Lots 1, 2, 3, and 4 were killed and examined 
post-mortem. Only very light mixed infest at io^ were found in any 
animal on improved pasture (Lots 2, 3, and 4), hm in sheep from Lot 1, 
up to 800 adult IT. coniortus were found. 

5. Conclusion. 

Under conditions met with in this trial, any increased risk of 
parasitic infestation on heavily stocked improved pastures is more than 
compensated for by the improved health of sheep, as shown by greatly 
increased wool and mutton production. Nevertheless, anthelmintic 
treatment of sheep on improved pasture may lead to material increases 
in wool production, when compared with similar groups not so treated. 
While the influence of pasture on wool character leads to a slight 
lowering in count, it does not necessarily lead to the production of wool 
having a lower estimated clean scoured yield. per 

grain 



32 


The Physiological Relations between Tillers of 
a V^eat Plant. 

By H, Fairfield Smith, B.Sc., MS,A* 


The primary object of the plant breeder, and the economic incentive 
behind the plant geneticist’s investigations is the production of better 
yielding varieties of plants. In the course of most plant breeding investi¬ 
gations, it is thus necessary to measure yield with as much accuracy as 
possible. In so far as the Council’s genetical studies of wheat are con¬ 
cerned, it was necessary to determine whether the whole plant or a tiller 
should be regarded as the unit on which to base investigations. Work to 
determine that point has now been carried out, and is discussed in the 
report that follows. It indicates that tillers are not completely indepen¬ 
dent units, and that it is necessary to deal with the whole plant when con¬ 
sidering the yield of wheat.— Ed. 

Summary, 

Translocation between culms of a wheat plant after the flowering period is 
possible, but is probably unimportant iti the normal plant. Evidence for this 
statement was obtained by restricting the photosynthetic ability of some culnis 
by defoliating them and darkening their stems. If the attached tillers had their 
ears cut off, they contributed to the production of grain in the defoliated culms; 
but if they had ears of their own to fill, then their contribution to a defoliated 
companion was not appreciable. (Sections 1 and 2.) 

Water from the roots is distributed evenly between all tillers of a wheat plant 
irrespective of individual tillers to which roots are directly attached. (Section li.) 

Excision of side tillers (including some ear-bearing tillers) increased the 
weight of grains on main culms by 5 per cent. The interpretation is, however, 
debatable, and it cannot 1x5 taken to prove that side tillers are harmful. (Sec¬ 
tion 4.) 

Leaf blades, stem, and car of a culm each contribute about equally to the dry 
matter in the grain. (Section 1.) 

Englcdow and Wadham, in their investigation of yield in barley (6), 
surmised from more or less circumstantial evidence that tillers may be 
independent units after the early stages. Dungan (5) has shown that, 
in the maize plant, suckers can contribute to the nourishment of the 
main stem when the ^tter has been stripped of its leaves. The experi¬ 
ments reported in this paper were undertaken to obtain, for wheat, more 
direct evidence than has yet been available on the possibility of inter¬ 
tiller translocation during the later stages of growth. They formed part 
of an investigation on methods for the analysis of yield in wheat. They 
indicate that tillers are not completely independent units, and that the 
plant should be regarded as an individual entity. 

I. Experiments of 1930. 

The experiment consisted of observing the effect on yield of inter¬ 
fering with the photosynthetic ability of some culmsf. 

* Junior Plant Oenetlolst, Division of Plant Industry, O.S.I.E. 

t Engledow and Wadhaxn (6) use the term "tillers ’* to describe all side shoots from the primary 
* *^ 1 . The primary stem is thus not regarded as a tiller. Accepting this usage of the word 
J* the Adieilcan word ** culm " has been used In this paper to describe ear-bearing stems, 
o ‘^he primary stem. The two terms thus overlap but the primary stem is not classed as 
’''*rs which fall to bear ears are not classed as culms. 
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Grain of Canimbla, a late freely tillering variety of wheat, was care¬ 
fully selected by hand and sown by dibbing to a uniform depth. Seeds 
were placed 4 inches apart in four rows spaced successively 1 foot, 3 feet, 
and 1 foot apart. There were thus two pairs of rows with pathways on 
both sides of each pair. Each plant had between 15 and 33 culms. Near 
flowering time, five groups of eight healthy neighbouring plants were 
selected. The eight plants of each group were number(*d at random, and 
treated according to the number thus assigned. Three extra treatments 
(given in the last column of Table I.) were applied to only one plant 
each. Flowering of the main ears began on 9th November, and the 
operations were performed from 10th to 12th November. 

After harvest, a few ears which had been damaged by birds, and 
small ears having less than 13 fertile spikelets were discarded. The 
remaining ears varied in size from 13 to 26 fertile spikelets per ear, 
and every plant had ears well distributed over this range. Measure¬ 
ments indicated in the Appendix were recorded for each culm separately. 

Ability to produce carbohydrates was reduced both by defoliation 
(cutting off leaf blades) and by excluding light from the stems. The 
latter effect was obtained by using tubes made of brown paper. Three 
layers of paper were used to obtain an almost opaque cover, but it was not 
quite opaque in full sunlight. The covers were subject to two other 
defects in that the upper edges of the tubes were only loosely fastened 
with paper clips to allow unrestricted growth of the culms so some light 
would be admitted at this point, and each tube enclosed sev(‘ral culms of 
different heights, so that some had a considerable length of stem above 
Ihe enclosing tube, while others had the ear still partially below the 
rim. 

Attention was concentrated on defoliated and darkened culms, but 
other treatments were also included. Treatments fall into three main 
groups;— 

A. —Plants in which all culms were similarly treated. (These 

plants serve as controls for groups H and C). 

B. —About one-fifth of the number of culms of a plant were 

defoliated, or defoliated and darkened; the other culms 

Avere untouched. 

C. —Similar to B, but the ears A\'ere cut off the other culms. 

The various treatments and the relation between them is indicated in 
Table I. 

In order to reduce the error of estimates of yield per ear, use was 
j made of the regression of yield characters on the number of fertile 
f spikelets, a character determined before, and unaffected by, treatments 
{vide Appendix). Twenty fertile spikelets yere selected as a suitable 
size of ear near the centre of the range to .be used as a standard size. 
Weight per grain, and number of grains per ear, Avere estimated for an 
ear of this size for each treatment. Differences in numbers of grains per 
ear between groups A, B, and 0 w^rc negligible. Weights per grain 
are given in Table I. 
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In Table I. are also shown the differences in weight per grain 
between controls, in which the normal yield has been, presumably, 
reduced equally in all culms, and corresponding culms in other plants 
which may show the benefit of any possible traiilocation from attached 
tillers. Although considered individually only one of these differences 
approaches significance, the consistency over all groups suggest that a 
conclusion may be drawn with some confidence. It is at least strongly 
suggested that if a tiller has no ear of its own to fill, then material may 
be translocated from it to attached culms whose productive powers have 
been decreased. But if a tiller has an ear of its own, it fails to supply 
any appreciable quantity of foodstuffs to needy neighbours. Even 
under the former condition translocation, although possible, appears to 
be extremely inefficient. Earless culms were over three times as numer¬ 
ous as the defoliated and darkened culms, but they enabled these to 
regain only less than half of the reduction in grain size caused by the 
treatment. 


Table T.—Average Weight (mgm.) per Grain per Standard Ear^ 
(Having 20 Fertile Spikelets) for Groups op Culms as Indicated. 


Replicated five times. 



Normal. 

Defoliated, 

stems 

light. 

Leaves 
and stems 
darkened. 

Defoliated, 

stems 

darkened. 

Leaves, stems 
and ears all 
darkened. 

A—All culms of a plant treated as 
indicated in the upper margin, 
(serving as controls for groups 
B and C) . 

40-1 

30-2 

24 1 

20 •« 

10*2 

B^ —Four to six culms of a plant 
treated as indicated, the other 
culms left normal .. 

*.35 0 

t30 0 


t21-7 

§0 2 

C—Four to six culms of a plant 
treated as Indicated, the ears 
cut off other culms 


i t36 5 

► 

t‘29-4 

§14*2 

Difference, B—A 

1 -5-l±3-3 

1 02 


1* 1+3*2 

1 -1*0 

„ C—A 

1 6'3 


1|8*8±3*2 

4*0 


♦ Estimated for the mean of aii normal tillers of plants in group B—two plants in each block, 
t Estimated from two or three culms in one plant of each block. The same plant had also two 
or three culms with stems <^kcned which contribute to data in column 4. 

t Estimated from four-six culms in one plant in each block, plus two-three culms in a second 
plant as noted in the preceding footnote. 

§ Estimated from three culms. 

!1 For this difference t 2.8, n = 8, P .03. Other differences between controls and groups 
B and C are not signiilcant. 


(Jexkral Note.—A ll plants have a total of between 15 and 33 culms. 


Tabte II.—Weights op Grain per Standard Ear por Plants 

OP Group A. 


1. Normal 




1*90 grm. 

2. 13efoliatod .. 




1-36 „ 

3. With leaves, leaves and stenb; darkened 




•99 „ 

4. Defoliated, stems darkened 


, . 


•79 

5. Leaves, stems and ears all darkened 



. , 

•34 „ 

^ (Standard error of a differenoe 

\ 

•28) 
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For the plants of group A the total grain weights per ear of 20 fertile 
Fpikelets are given in Table II. They indicate that the ear (glumes, 
awns, &c.), the stem, and the leaf blades each contributed about one- 
third of the normal weight of the grain. In view of the defects of the 
covers used and since the grain may be expected to extract the maxi¬ 
mum possible amount of carbohydrate from the glumes, &c., when other 
sources of supply—leaves and stems—are pul out of action, treatment 
4 ought to over-estimate the amount normally contributed by the ear. 
It appears, therefore, that under ordinary conditions the ear probably 
contributes less than 40 per cent. (0.79/1.90 = 41%) of the material in 
the grain. It may be of interest to compare this with the finding of 
Jloonstra (3) that almost the whole of the carbohydrate in the grain is 
contributed by the glumes. 


2. Experiments of 1931. 

Similar experiments, but using only abscission operations, were con¬ 
ducted in 1931. Canimbla was again used. The plan of seeding was 
similar to that of 1930, except that only 6 inch(‘s s(‘parated a pair of 
rows. Five adjacent plants were taken to form a block. To each plant 
one of five operations was assigned at random. There were nine blocks. 
Measurements of yield were taken on only the two largest culms of each 
plant which were marked with wool when operations wen; performed. 
In addition to the more usual measurements of yield, the weight of 
JO grains, obtained by taking the two basal grains from the five largest 
spik(;lets of each ear, was also observed. It was thought that this might 
be a more accurate measure of grain size than is the average w(‘ight per 
grain usually employed, although there is little difference b(‘twe(*n the 
two measures. Tne correlation between them is r = .956 and the ten 
selected grains were about 16 per cent, heavier than the average of all 
grains per ear. The weight of the 20 grains thus obtained from each 
plant was used as tJie measure of weight ])er grain per plant. 

Owing to the use of only the two largest ears per plant, variation in 
size of ear was small and correlation between grain weight and number 
of spikelets was insignificant. Consequently, in this experiment there 
is no gain obtainable by estimating values for a standard size of ear; 
simple averages per treatment are equally efficient. 

The five treatments used, and the mean weight of 20 grains for each 
treatment are shown in Table III. From the analysis of variance 
(Table IV.), it appears that the differences between treatments are not 
significant. The experiment is nevertheless reported here because such 
differences as exist agree with the results of 1930. 

The effect of cutting off leaves may be estimated from twice as many 
differences as are available for a comparison between any two single 
treatments. It may be estimated from treatments 1 and 2 versus 3 and 
5. This difference is significant. It is 20.6 db 8.0 cgms., / == 2.6, 
n. = 39 (Table IV.), P <.02>.01. The decrease is 22.5 per cent, and 
it agrees closely with the decrease of 25 per cent, between treatments 
1 and 2 in 1930. 

A further five pairs of plants had the leaves cut off the two largest 
culms. As to the remaining tillers, they were cut entirely off one plant 
of each pair, whereas in the other of each pair they had their ears cut 
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off. Corresponding ears were compared in pairs by Student’s method, 
with respect to the weight of 10 grains. One ear was damaged leaving 
9 pairs. The culms accompanied by earless tillers gave heavier grain 
than the solitary ones. The difference was 12 cgms., ±: 3.2, t == 3.8, 
n ^ 8y P .01. This therefore corroborates the experiments of 1930 
in showing that under special circumstances translocation between tillers 
and culms is possible. 


Table III.— Treatments and Grain Weights for 1931 Experiment. 


Treatment. 

Mean Weight 
of 20 Grains 
(centigrams) 

Mean No. of 
Grains from 
Two Ears. 

l 

Two Largest Culms. ! 

Remaining Tillers. 

N’ormal .. .. ! 

Normal .. .. j 

i 94-2 

83 

N^ormal .. .. 

Cut off at the base 

89*2 

91 

Leaves excised 

Normal 

72-9 

86 

Leaves excised 

Ears cut off ., 

73-8 

76 

Leaves excised 

Out off at the base 

69*0 

84 


Standard error | .. .. .. 7*8 j 6‘7 

I 1 ’ 


Table IV.— Analysis of Variance for 1931 Experiment. 


Due to — 

Degrees of ' 
Freedom. 

1 Sum of Squares. 

Mean Square. | 


1 

Treatment 

1 

^ i 

1 1 

4,419-2 i 

1,104-8 

7-007 

Blocks 

8 

2,068-2 1 

258-6 


Remainder 

31 

19,646-6 i 

630-5 

i 

Blocks 4- Remainder .. 

j 39 

! 21,613-8 i 

554-2 

1 6-317 

Total 

43* 

26,033-0 1 

1 

1 

1 

z 

Qs 

rH 

CO 

II 

V 

i 




* One plant in Treatment 1 was seriously diseased and had to be discarded. Attributes for this 
plant were estimated by Allan and Wishart’s formula (1). One deerec of freedom was thus lost, 
making the total number 43 in place of 44, which would be expected for 45 plants. 


3. Lateral Translocation of Water from Roots. 

At the beginning of their flowering period in 1930, some further 
experiments on translocation from the roots wore performed on plants 
of Canimbla growing at 4 x 12-inch spacing. By spraying with water 
from a hose, the earth was washed away from the roots on one side of 
six plants. About one-third of the roots of each were then severed bj’ 
cutting. Waxed paper was inserted below the cut surfaces to prevent 
development of new roots. 

After harvest, it was not possible to identify with certainty all the 
roots growing from each individual tiller, but the tillers of each plant 
could be divided into three groups:—(1) those on one side whose roots 
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had not been touched^ (2) those on the other side practically all of 
whose roots had been cut, and (3) a group in the middle whose status 
could not be determined with certainty. By a similar method of analysis 
to that described for the 1930 experiment, it was found that the weights 
of grain per ear of twenty fertile spikelets were as follow:— 

Control .. .. .. .. 1.93 .033 gms. 

Experimental plants. Culms with roots remaining 1.47 dz .054 „ 
j) » cut 1.46 dz .073 „ 

Cutting a third of the roots affected the yield from the whole plant; 
but culms whose roots had been severed were not affected more than 
were culms whose roots remained attached. It therefore seems that ( 
supplies from the roots may be distributed to any culms of the plant, ; 
irrespective of those to which the supplying roots are directly attached. 

Richardson and Trumble (8), and Burd (4) have shown that under 
normal conditions most of the minerals absorbed by barley are taken up 
during the early stages of growth; Gericke (7) found that to enable 
wheat to produce its full yield, only water, with perhaps traces of iron 
and nitrogen, is required during the later stages of growth. For trees, 
Auchter (2) found that water can be supplied by any root to an.y part 
of the plant, but that minerals tend to remain on the same side of the 
tree as that on which they are absorbed. The above demonstration of 
lateral distribution from the roots of a wheat plant may therefore be 
applied only to water. The distribution of mineral nutrients requires 
separate demonstration. 

4. Effect of Removing Side Tillers on the Yield of Main Culms. 

Having shown that translocation between culms is possible, can we 
obtain any evidence as to whether or not side tillers which fail to bear 
ears may be only parasitic on, or competitors against, the main culms, 
Avithout service rendered in return? Dungan (5), in reviewing the 
literature, indicates tliat removing non-earbearing suckers from maize j 
plants is detrimental to their yield. 

A bed which had been sown with Canimbla wh(*at at 6 x 2-inch 
spacing was divided into eight plots. Where different treatments were 
adjacent a 6-inch border Avas discarded. The plots Avere arranged and 
numbered as folloAvs:— 

12 3 4 

5 6 7 8 

Plots 1 to 4 Avere 2x4 feet, and plots 6 to 8 Avere 2x2 feet, but records 
have not been collected for all the plants in each plot. Plots 5 to 8, 
Avhich were lower than plots 1 to 4 owing to the slope of the ground, 
were irrigated weekly. Flowering began about 26th October. On 
19th October, in plots 2, 3, 5, and 8 tillers were cut off to leave only 
two main culms. Plants which were not large enough to produce two 
good size ears had only one culm left. In addition to very small side 
tillers which were from 1 to 6 in number and which had already 
withered, there was cut off from each plant from 0 to 6 tillers of a size 
Avhich would have died later, and 0 to 3 tillers large enough to have 
formed ears. 
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After harvest, the weight of 6 grains per ear, 2 basal grains from 
each of the three largest spikelets, was obtained for two ears per plant 
(or for some plants as indicated above, one ear). Evidence that the 
plots were similar and evenly matched before operations were begun is 
given by the means and standard deviations of the numbers of fertile 
spikelets per ear. (Table V.) Since there was no correlation between 
grain weight and number of spikelets, grain weight has been treated 
as an independent character. Within each plot, the frequency distribu¬ 
tion of grain weight was approximately normal between 24 and 36 
cgins., but extended below this range more or less erratically down to 
six cgms. The light grains were due to plants attacked by foot-rot. 
Sinc(*, howev’cr, it is difficult to fix a border line between diseased and 
healthy plants, it is difficult to decide what ones should be discarded, 
but if all are kept, these light grains seriously upset the values of the 
means. It was therefore decided to use the modes as the best estimate 
of grain weight for each plot. Modes were estimated by the formula 


Mo 


Xff^ 2 ^ 


fti 


tn + 1 


fm — i fm -h 1 


A ^ 


and are shown in Table V. An analysis of variance for a comparison 
between plots is given in Table VI., whence it appears that the grains 
from the treated plots are slightly, but significantly, heavier than the 
grains from the controls. 


Analysis of the data was carried further by classifying the treated 
plants according to the number of excised tillers which might have borne 
ears. For this ])iirpose, it was deemed permissible—since previous 
examination had shown that differences be^twc'cni corresponding plots 
wen* negligible—to treat all plant records from the four treated plots 
as a homogeneous sample. 


Four rows (no two adjacent) had to be discarded because after 
harvest the plants could not be connected plant for plant Avith the field 
notes. By coincidence, these rows contained the worst of the diseased 
plants so that the distribution of the remainder was close enough to the 
normal distribution to permit the use of means. The mean grain weight 
for untr(*ated plants neglecting all values less than 20 cgms., was calcu¬ 
lated to provide a comparable value for the controls. The mean grain 
weights per 6 grains for each class Avere as follow:— 

(1) Controls (discarding weights per 

6 grains less than 20 cgms.) . . 20.38 ±: .34 cgms. 

(2) Only non-earbearing tillers excised.. 30.01 zh .39 „ 

(3) One earbearing tiller excised . . 30.91 zt .27 „ 


(4) Two or three earbearing tillers 

excised . . . . . . 30.97 zh .27 


Of the differences between treated groups, that between classes (2) and 
(4) just approaches significance. The difference is .96 ± .47. (P = .04). 

These results cannot however be accepted as proof that side tillers 
are harmful to the production of grain on the main culms. A possible 
explanation of the differences obserA’^ed is that during the hot days of 
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summer the root systems of the plants whose culm ntimber had been 
reduced to two were better able to deal with demands upon them for 
water. Since it has been shown that water supply is not restricted to 
tillers from which the supplying roots have grown, and since the extra 
tillers contributed to the formation of roots before they were taken 
away, there is no indication that the gain could have been obtained if 
the plants never had the excised tillers. It seems possible that tillers 


Table V.—Mean and Standard Deviation of I^iimber of Fertile 
Spikelets per Ear^ and Modes of Weights of 6 Grains per Ear 
FOR Each Plot. 


Plot No. 


Number of Fertile Spikelets. 

Modal Weight 
of 0 Drains 
(centigram 8) 

No. of Ears 


Mean. 

Standard Deviation. 

Examined 

1 


14-4 

2*6 

30 0 

100 

2 


14*1 

2*1 

30*8 

107 

3 


14-2 

2-4 

30*9 

99 

4 1 


14-3 

2*3 

29*6 i 

86 

5 i 


13*2 

20 

310 ; 

61 

6 1 


13*5 

21 

29 0 1 

61 

7 ' 

1 

13*6 

2*2 

28*7 : 


8 


14*4 

i ” 

30*9 
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Table VI.— Analysis of Yarianc’k for the Modal Valves of Grain 

Weight in all Plots. 


Due to — i 

1 Degrees of 
j Freedom 

1 Sum of 

1 Scpiares 

Mean 

Square. 

i z. P. 

\ 

1 

Between treatments 

1 

4-961 

3-904 

1-794 <01 

Between bloeks* 

1 

•361 

1-284 

•484 > -05 

lleinainder .. . . 


i -687 1 

•315 

i 

Total .. . . 

7 

6-009 


•• 

* Includes effect (if any) of Irrigation. 



Mean of treated plots == 30.9 egnis. 
„ „ control „ = 29.3 „ 

Difference = 1.6 zfc 0.4. 


which die about flowering time, if they have contributed to root growth, 
may not have lived in vain, but’ this possibility may not be assumed 
without further proof. In any case, this form of service will only be 
applicable when soil water is adequate and when transpiration is great 
enough to tax the supplying power of the roots; for example under con¬ 
ditions of irrigation or in hot countries when, as in Eastern Australia 
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in 1931, rainfall during the grain filling period is plentiful. It cannot 
be expected to apply when soil water is limiting, or Avhere, as in 
England, evaporation is low. 
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Appendix I.—^The Methods of Calculation used in Section I. 

Underlying the plan of the 1930 experiment, there lay an intention 
to compare the yields of the treated and control culms by com¬ 
parison of the regressions of yield on some stable culm character 
which was unlikely to be effected by the treatments. A secondary 
object of the experiment was to test the practicability of using 
such a method in yield experiments. Since grain weight per 
ear varies with the size of culm, it is unsatisfactory to compare directly 
culms of different sizes. A comparison of regressions of grain weight 
on size of ear is equivalent to comparing average grain weights for 
corresponding ear sizes without the labour of matching ear for ear. 
Characters considered as possible to indicate culms of corresponding 
size were, number of fertile spikelets, number of sterile spikelets, total 
number of spikelets, length of ear, weight of chaff plus rachis, weight of 
straw, and length of straw. Numbers of spikelets are probably least 
likely to be affected by the treatments, and it was found that number of 
fertile spikelets was more closely correlated with grain yield than any 
other of the characters enumerated. The following correlations to this 
character were obtained for 70 culms from four normal plants. 

Between weight of grain per ear and number of 

fertile spikelets .. .. .. .. r ~ .91 
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Between number of grains per ear and number of 

fertile spikelets .. .. ,. .. = .89 

Between average weight per grain per ear and num¬ 
ber of fertile spikelets .. .. .. = .61 

J or analytical yield studies, it seems advisable to consider separately 
the components of yield, number of grains, and weight per grain. In 
the following discussion, only weight per grain is considered. Number 
of grains was similarly examined. 

Let number of fertile spikelets be designated F, and let weight per 
grain be g. 


Table VII.— Analysis of Vabiance for Four Normal Plants. 


Due to— 


Degrees of 
Freedom. 


Sum of Squares. 


Mean Square. 


Variance about regression of g on F within i 

single plants .. .. .. .. r>l 

Variance between values of g for F -= 20 in 
each plant .. .. .. .. 3 


179-8 j 3-53 
97-2 1 32-4 


I'able VIII.— Analysis of Variance fob Five Plants Having all 
Culms Defoliated and Stems Dabkenbid. 


Due to (see Table I)— 


Degrees of 
Freedom. 


Sum of Squares. 


Mean Square. 


Within plants .. .. .. .. | 62 j 214-9 3.46 

Between plants .. .. .. .. | 4 104-1 26-0 


Preliminary observation of normal plants had suggested that the 
relation between g and F per culm might be the same for all plants in a 
small plot, but critical statistical examination—Tables VII. and VIII. 
• -showed that this was not the case. A sample formed of several tillers 
from several plants was not homogeneous. Therefore to obtain valid 
estimates of error for comparisons between plants, it was necessary to 
calculate a separate regression for each plant and thence obtain a single 
measure per treatment per block. Since different treatments had con¬ 
siderably different numbers of culms from which records were obtained 
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{vide Table I.), slji average error for different treatments could only be 
obtained for treatments with similar numbers of culms. Consequently^ 
degrees of freedom available for estimating errors were few. The 
procedure is tedious, and where differences were obviously insignificant 
—owing either to the smallness of a difference or to the small number 
of observations concerned—or where an estimate of error was uniiU' 
portant, the grain weight was estimated from bulked data in which each 
plant had equal weight. 

In view of the differences between plants indicated by Tables VII. 
and VIII., the suggested method, using regressions, is not convenient 
for dealing with a few large plants as in the present ease. The experi¬ 
ment of 1931 indicates that if a large number of plants .with only a few 
ears from each be used, then ears may be readily selected which are so 
similar that the correlation of characters within them is not worth con¬ 
sidering for the purpose of increasing the accuracy of the means. 

Explanation of “ analysis of variance,” and of the statistics 2 , /, 
and P may be found in Statistical Methods for Research Workers ” by 
R. A. Fisiier. 
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A Note on Some Aspects of Anti-Bacterial 

Immunity. 

By L. B. Bull, D.V.Sc. 

For some time past, the CounciTs Division of Animal Health has been 
^^iving a eonsiderable amount of attention to determinatiojis of the precise 
causes (generally a determination of the species of bacillus concerned) 
of a number of previously obscure diseases of Australian livestock. The 
recent work on black disease of sheep, braxy-like disease in Western 
Australia, pulpy kidney, &c., are instances of this work. Generally, once 
the cause of a disease is known, a means of control can be suggested. 
At times, however, such contiol methods, and rnetlioils develoj)ed for other 
diseases the causes of which have long been known, are not particularly 
simple or economic. Nevertheless, the rather rapid advances in the field 
of immunology that have been made during recent years are full of 
promise in connexion with the development of disease control methods 
in general. Dr. L. B. Bull, Director of the Government Laboratory of 
Bacteriology and Pathology, Adelaide Hospital, has recently prepared a 
brief statement dealing with various aspects of such immunological work 
in connexion with a matter which he has been discussing with the Chief 
of the Councirs Division of Animal Health, Dr. .1. A. Gilruth. That 
statement, however, is of general intere.st, and Dr. Bull has now kindly 
agreed to having it printed below.—E d. 


Ill this note, W(‘ will not consider the filterable viruses nor the 
immunity produced following recovery from their invasion of the animal 
body. 

Pasteur was the first to employ bacteria for the purpose of producing 
resistance to natural infection. He introduced the method of employing 
attenuated cultures for this purpose. The basis of the procedure was 
the belief that any particular bacterium growing in the animal body 
exhausts the pabulum for that particular organism, and so the body 
is protected against further invasion. He therefore used live, although 
attenuated, cultures of the organisms, and injected them under the skin 
of the animal. 

Although very great success was obtained by Pasteur and others 
following his methods, the employment of living cultures has usually 
given rise to some loss of life, and in some instances to very great loss 
of life. The fixity of the attenuation could not always be relied upon, 
and if attenuation were carried too far the resistance produced might he 
too slight to be effective against natural infection. Further, the use 
of living cultures is associated with a risk of disseminating infection. 
Although the methods have been employed very largely for tlici 
protection of the domesticated animals, they have not been used to any 
extent to protect human beings, and there has been an increasing 
tendency to depart from the use of living cultures in veterinary work. 
At the same time, it is generally recognized that the living antigen is 
superior in most instances. There is an exception to this, however, in 
the case of infections due to bacteria producing a diffusible toxin. Many 
bacteria which were unsuspected as toxin-producers have, of recent years, 
been shown to produce powerful toxins, and these can also be produced 
under artificial conditions if proper methods are used. 
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Immunity to infection by these toxin-producers has been shown to 
be almost, if not entirely, an antitoxic immunity, and very much better 
results are to be obtained by artificial inoculation with toxin or modified 
toxin than by attenuated cultures of these organisms. This fact is best 
illustrated in the infections due to many of the anaerobic bacilli. 

The advance along these lines is very important, and it illustrates 
that we can, by artificial means, produce results that are greatly superior 
to those obtained under natural conditions. It is held by many that 
if immunity does not result from natural infection then we are not 
justified in hoping to produce an immunity by artificial means. The 
degree of immunity that can be produced artificially by the use of 
modified toxins is much greater than occurs under natural conditions. 
This result has been rendered possible by a more thorough understanding 
of the factors responsible for the production of disease and the antigenic 
make-up of bacteria and their products. 

Nowadays, we believe that Pasteur was wrong in holding that 
exhaustion of a special pabulum in the animal body was necessary for 
the production of immunity. From this point of view, therefore, it is 
no longer necessary to employ living bacteria in protective inoculations. 
Further, we now know that attenuation of virulence of bacteria is accom¬ 
panied by very definite changes in the make-up of these micro-organisms, 
the change usually being the loss of something which is of importance 
antigenically. Therefore, according to our present knowledge, the use 
of living attenuated cultures for the production of immunity is possibly 
not the best method. With increasing knowledge of the nature of 
bacteria and their products as stimulators of anti-body formation, we 
can reasonably hope to produce more efiicient and safer vaccines than 
have been used in the past. It seems possible also that we may be able 
to devise methods that will produce resistance in the animal body to 
bacterial diseases which, under natural conditions, do not appear to 
give rise to any very definite degree of resistance. It is possible that 
such methods might involve injections at intervals over a period of years 
if the resistance is to be prolonged, but the disadvantage would not be 
very great if the procedure were perfectly safe and easy. 

Of recent years, studies of bacterial variation as well as studies of 
the chemical structure and the immunizing properties of bacterial 
antigens have explained in part, if not fully, many former difficulties 
and failures, and have placed the problem of bacterial immunity on a 
more secure basis. 

Bacterial Yariatioix. 

The views on bacterial variation of earlier workers were largely based 
on the study of impure cultures. Of recent years, it has been clearly 
demonstrated that colony formation can be correlated wdth variation in 
other properties, many of which are of fundamental importance to the 
practical problems of immunity. Arkwright has shown that in plating 
cultures of laboratory strains of many bacteria two types of colonies 
may be founa. One type is smooth and more translucent, whilst the 
other has a rough, matt surface, and is more opaque. He designated 
these varieties as ‘^smooth” (S) and ‘‘rough” (E), respectively. The 
smooth colonies are associated wdth virulence, and the rough with loss 
of virulence. There are also other characteristics associated with these 
colonial appearances, such as that of spontaneous clumping in salt 
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solution and, sometimes, loss of motility by the rough cultures. Further, 
serological tests with monovalent sera show that the two tyi>es are anti- 
genically specific, at least in the higher dilutions. These observations 
have been confirmed by many workers, and on many different species 
of bacteria. 

It may be said that there is a general tendency for bacteria cultivated 
under artificial conditions to vary from smooth to rough, the variation 
being accompanied by loss of virulence and some antigenic constituents. 

Associated with these studies are those of Weil and Felix, who showed 
that motile bacteria possessed two antigenic constituents responsible 
for the production of agglutinins in the inoculated or infected animals. 
These two constituents have been called H and 0, respectively, the 11 
being associated with the flagella of the bacterium, and the O with the 
body (somatic). 

A further aspect of this subject was developed by Andrew^s, who 
showed that H agglutinins may be either “ group ” or “ specific 

The conception has grown up of an antigenic spectrum within 
certain pathogenic species of bacteria, with groups or strains arranged 
in bands, as it were, which in some oases are sharply marked off, but in 
others shade into each other. 

These observations are of fundamental importance, and help to 
illustrate the complicated nature of the bacterial organism, particularly 
with regard to its antigenic make-up. 

Side by side with these studies are others which have been made by 
a chemical analysis of the bacterial cells, and the two taken together 
give us a new conception, and a new method of approach to the ])ractical 
problems of immunity. 

Chemical and Physico-chemical Studies. 

It is only since more thorough knowledge of bacteria themselves, 
their physical and chemical structures, is being built up that we can see 
the possibility of much greater development in the application of this 
knowledge to the problems of immunity. 

For many years, specificity in immunity reactions was considered 
to be wholly bound up with the structure of the protein. Landsteiner 
and his associates were responsible for demonstrating that the specificity 
of a large colloidal molecule may be determined by a comparatively small 
reactive group in that molecule, and he called this reactive group a 
haptene or partial antigen. This work has been carried on with protein 
substances, many of them very complex, to which have been linked more 
simple reactive substances, the most interesting, from our point of view, 
being some of the more simple carbohydrates. It has been shown that 
the specificity of these linked compounds is determined entirely by the 
chemical (and physical) properties of the carbohydrate or other 
substance linked with the protein. Two proteins with entirely distinct 
immunological characteristics can be made to give identical immuno¬ 
logical reactions if linked in the same way with the same carbohydrate. 

A considerable amount of work has been done on the chemical 
constitution of bacteria, but much of it has led to little knowledge of 
fundamental import(ance. Of recent years, however, results of the 
greatest importance have been obtained. Avery and Heidelbergcr, 
working with the pneumococcus, were able to show that a very important 
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2 )ro<luct, apparently associated with the capsule and diffusible into the 
medium, was a carbohydrate substance, a polysaccharide very similar 
to tlic vegetable gums. Later, they showed that this substance 
d<‘l(‘rmined the specificity of the organism, and that it differed 
chemically and immunologically in the three main types of pneumococci. 

Sinc(‘ then, a mass of work is accumulating on similar lines, and 
many spe(*ies of })act(*ria have been examined, and in each case it has 
been detcrmiiK'd that the specificity of the organism resides very largely 
in the polysaccharide wdiich is loosely bound to the protein of the 
oi’ganisrn. 

This (dnnnical Avork links up with the more purely bacteriological 
work of Arkwright and others. It has been shown that the variation 
irom smooth to rough is associated with a loss of the specific polysac¬ 
charide, and that tin* O agglutinogen is likewise closely associated with 
the sanu* siihstanee. 

The serum reactions which av(* have associated in the past with anti¬ 
bacterial immunity are shoAvn now to be not necessarily proportional 
to the degree of resistance of the animal. Agglutinins may be produced 
quite easily by the inoculation of bacteria which have undergone rough 
variation, or have lost their virulence, and yet the anim&ls possess no 
.vpecific resistance to infection. Bacteria are shown to be very complex 
organisms, and it is necessary to know how they can be handled 
without loss of, or damage to, tlie specific substances before we can use 
killed suspensions for th(‘ .stimulation of resistance to invasion by 
virulent inenibers of the same species. 

It is known that physical disruption of the bacterial cell may com- 
])letely destroy the specificity of the antigenic substances present. Much 
of the handling that bacterial suspensions have been subjected to in the 
past can be ealeulat(‘d to destroy this specificity completely, wdienuis 
beat, which avhs for so long considered to be destructive of specificity, 
is now' knoAvn not to be .so, at least in the majority of cases. 

(leucraL 

In this bri(‘f outline, an attempt has been made to indicate how this 
n(wv(*r knowledge has opened up very promising fields for investigation. 
A vast amount of wmrk still remains to be done and, although the way 
has been indicated, each species of bacteria offers its own special 
problem. 

It is extreimdy difficult for the animal body to deal with some of the 
more resistant types of bacteria. The reactions of the animal body to 
the presence of a foreign protein or antigenic complex is probably 
fundamentally tlu? same in all cases. Bacteria are, however, different 
from other B>reign proteins in being particulate. Their antigenic 
specificity is destroyed by proteolytic enzymes, by physical disruption, 
and other changes. Being particulate, and not in soluble form, they 
do not constitute ideal antigens. 

Future work will have to he directed towards an attempt to prepare 
bacterial antigens in a more suitable form wdiile preserving their 
sj)ecificity. In this w ork the chemist will play a very important part, 
and each step Avill have to be controlled by crucial tests for specificity 
a.s understood in the light of the fundamental work briefly indicated 
above. 
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The Use of Creosote and other Tar Oils 
as Motor Fuels. 

By L, J, Rogers^ MSc„ B.E. 

Mr. Rogers was one of the first Australian graduates to receive a 
research studentship from the Science and Industry l^hidowincnt Fund. 

He left Australia in 1926, and after spending his studentship at the 
British Fuel Research Board’s Station at Greenwich, he served for a 
period as a member of the staff of the Station. Recently, he returned 
to Australia in order to assist generally in liquid fuel problems. A 
short time ago he was asked by the Vice-President of the Executive 
Council (Senator the ITon. A. J. McLachlan) to furnish a re}K)rt on the 
Australian possibilities of the use of creosote and other tar oils in motor 
engines. The article that follows is based on that report.—Kn. 

I. Introduction. 

The present world-wide depression in the market for.tar products 
has inspired a number of investigations into alternative* nudhods of 
utilization. Some prominence has been given recently to researches 
carried out in Ireland and England on the use of creosote as a fuel for 
internal combustion engines. To a country like* Australia, situated 
very unfavorably as r(‘gards supplies of petrol, and possessing what may 
be considered unlimited reserves of liigh class coal, the possibilities 
revealed in these investigations appear very attractive at first sight. 
Creosote, however, is produced in such small quantities that it can 
never be more than a by-product of other industries, and the supply 
will always be limited by the demand for gas and coke. Nevertheless, at 
present, it is difficult to find a market for Australians production, and a 
new use for it, as well as for other tar oils, would be welcomed by local 
distillers, [n tin* following report, a brief survey is made of technical 
considerations in the application of creosote as a fuel for motor vehicles, 
and the economic aspect of the problem as it affects Australia 
g(*nerally. 

2. Theoretical Considerations. 

The nature of the fuel used in motor car (*ngines is ])rescrib(*d manily 
by the conditions under which the vehicle is to operate. In the case of a 
private car, convenience demands that the engine shall be able to start 
directly upon the fuel in all weathers. The driver cannot be expected 
to waste his time and soil his hands in priming tlie cylinders or heating 
the induction pipe, so that the only permissible expedients for assisting 
ignition are the flooding of the carburettor and the use of a choke. On 
the other hand, a commercial vehicle may use a cheaper and less 
volatile spirit by resorting to priming, if necessary, when starting from 
cold. The petrol used by the London General Omnibus Company, for 
instance, consists of No. 2 spirit to which is added 30 per cent, of 
duty-free (heavy) fuel. 

For satisfactory operation upon heavy fuels, it is necessary to heat 
the induction system by contact with the exhaust manifold. The 
minimum temperature of preheat is prescribed by the necessity for 
evaporating sufficient fuel to form an explosive mixture in the combus¬ 
tion chamber. The optimum temperature, however, is determined by 



the tendency of the fuel to condense in the induction pipe. If coii' 
densation is allowed to occur, the response to the throttle will be sluggish, 
and the distribution of the fuel between the different cylinders of the 
engine will be uneven. Loss of power and efficiency will ensue, and the 
performance of the engine will be impaired generally. A certain 
amount of preheating of the fuel and air is arranged for in the average 
car, to enable a cheaper fuel to be used than would otherwise be possible. 
But the temperature to which the air must be heated for consuming 
kerosene is much higher than for normal petrol. The heating of the 
charge in this way reduces the weight of fuel and air which is drawn 
into the cylinder at each suction stroke. The use of heavy fuels there¬ 
fore entails a loss of power in the engine which may be quite consider¬ 
able. For this rea.s()n, racing engines and aeroplane engines do not 
have heated induction systems, and are obliged to use volatile spirits 
for satisfactory performance. 

In the case of petroleum oils, it is found that the tendency to detonate 
increases with the d(*nsity of the fuel. Engines designed to use heavy 
fuels—tractors, for instance—therefore have low compression ratios. 
This involves a furtluu- loss of power, and a pronounced reduction in 
efficiency. In one particular case, it has been found that the power 
output of a certain petrol engine was reduced altogether by 17 per cent, 
when adapted to burn kerosene. 

Low volatile fuels condense readily on the walls of the engine 
cylinder. The low temperature of the liquid film on the cylinder walls 
and its comparatively poor access to oxygon result in incomplete com¬ 
bustion and the formation of carbon. Unburnt fuel is scraped by the 
piston rings into the sump, where it contaminates the lubricating oil. 
The use of heavy fuels therefore necessitates more frequent draining 
of the sump and renewal of the oil. To minimize these disabilities, it 
is desirable to maintain the temperature of the cooling water, and 
thereby that of the cylinders, as high as is possible without risk of local 
overheating. The formation of carbon on hot spots, such as valves and 
piston heads, is favoured by the fact that heavy petroleum hydrocarbons 
are more easily decomposed by heat than are lighter fractions. The 
use of kerosene therefore involves more frequent overhauls, with 
increased costs for maintenance and loss of services Avhile the vehicle 
is under repair. 

The advantages and disadvantages of using a heavy fuel in a motor 
vehicle may be summed up as follows:— 

For — 

Keduced cost of fuel per gallon. 

Higher mileage per gallon in virtue of its greater calorific value 
per unit volume, and in spite of its lower efficiency. 

Lower inflammability. 

Of these three items only the first is of great importance. 

Against — 

Lower power output from a given engine, or, alternatively, the 
extra cost of a larger engine for developing the same power. 

Higher maintenance costs. 

More frequent renewals of lubricating oil. 

The utilization of tar oils instead of heavy petroleum is favoured 
by the high anti-detonating value of aromatic hydrocarbon.s as com¬ 
pared with paraffins and naphthenes. Creosote can be used in a car 
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engine with no reduction in compression ratio and consequent loss of 
efficiency. Indeed, it is possible to use a higher compression than is 
normal in a petrol engine. Owing to the stability of aromatic hydro¬ 
carbons, moreover, it might be expected that the deposition of carbon 
in the cylinder head would be reduced. This expectation may not be 
fulfilled in practice, however, for benzol, presumably on account of its 
slow burning characteristics, is found to make at least as much carbon 
as aliphatic petrols. Creosote suffers from the disadvantages of a 
lower calorific value, a propensity for forming gums by oxidation and 
polymerization, and possibly a tendency for d(*i)ositing pitchy material 
in contact with paraffin base lubricatng oil. 

3. Experience in Belfast and England. 

The first attempts to employ creosote as a motor fuel on a large 
scale were made in Belfast in March, 1929. Technical difficulties have 
been so far overcome that a number of buses operated by tin* Belfast 
,Omnibus Company have been using the fuel for nearly two years. The 
application of creosote is now reported to be spreading to private cars. 

The alterations and additions to the equipment of the Belfast buses, 
for adapting the engine to the new fuel are as follows:— 

1. A new induction system surrounded by, and cast integrally 

with, the exhaust manifold. This intake has been patented 
by the Solex Company. 

2. A second carburettor—of the horizontal Solex type.—for use 

when running on creosote. 

3. A separate tank and feed line for the creosote fuel. 

4. A second accelerator pedal, Avith automatic arrangements for 

closing the petrol throttle Avhen the creosote carburettor is 
in action, and for allowing a limited quantity of petrol to 
pass when the creosote throttle is closed. 

The engine is started with petrol in the usual way, and kept running 
on this fuel until the exhaust manifold is hot enough to vaporize the 
creosote. The second accelerator is then used, automatically shutting 
off the supply of petrol. When running idle, the creosote throttle is 
closed, and petrol automatically substituted for the heavier fuel. After 
temporary stoppages for picking up and setting down passengers, the 
bus is driven off directly on creosote. 

The fuel used at Belfast is prepared from high temperature tar 
produced in Glover-West vertical r(‘torts. The crude tar is distilled, 
and the fraction boiling between about 180 deg. C. and 300 deg. C. is 
washed and mixed Avith 10 per cent, of Avater-Avhitc solvent naphtha to 
keep naphthalene in solution. The motor fuel prepared in this way 
has a specific gravity of 0.951, a tar acid content of 15 per cent., and a 
closed flash jjoint of 129 deg. F. It is understood that the fuel may be 
purchased for 6d. per gallon. 

The Belfast authorities have not fitted their buses with a high com¬ 
pression head in preference to the normal cylinder head. Their saving 
in fuel, therefore, cannot exceed that indicated by the respective calorific 
values of creosote and petrol on a volumetric basis, viz., about 8 per 
cent. With the carburettor correctly adjusted in each case, there is no 
reason Avhy creosote should be more efficient than petrol. Indeed the 
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difiFerence, if any, should be in favour of the more volatile fuel. The 
pull ” of the engine has been described as very satisfactory. This is 
probably due to the fact that the engine can be run at low speeds and 
full throttle without detonating. Changing down on hills may therefore 
be avoided in some cases, but there can be no doubt that a dynamometer 
test would indicate a deficiency in power. 

One of the greatest objections to the use of heavy fuels in internal 
combustion engines for vehicles is the smoke and smell discharged from 
the exhaust. When the engine is rather cold, as, for example, after a 
sliort stoppage, combustion is imperfect, and fumes appear in the 
exhaust gases. This has proved an objection to the use of Diesel engines 
in buses, and the same trouble apparently is experienced with creosote. 
The smell of creosote is not as objectionable as that of burnt oil, being 
on the contrary rather wholesome. It is probable that this trouble will 
bo overcome and that satisfactory operation will be made possible in 
city streets. 

Investigations have also been carried out by the Manchester Corpora¬ 
tion, the Gas Light and Coke Company, and the London General 
Omnibus Co. The most interesting fact arising out of the Gas Light and 
Coke Company’s experiments is the possibility of using a •heavy creosote 
prepared by distilling to pitch. The fuel used consists of creosote 
boiling betwe*en 180 deg. C. and 350 deg. C., with the addition of 20 per 
cent, of benzol. Horizontal retort tar is employed in this instance, so 
that the proportion of solvent required is increased. 

The original Belfast arrangements were modified by the Gas Light 
and Coke Company by constructing a manifold of its own design, and 
by using a single carburettor with a change-over switch in the fuel line. 
To take advantage of the opportunity for increased fuel economy, and 
to compensate to some extent for the loss of pow(*r due to lower volu¬ 
metric efficiency, the compr(*asion ratio of the engine has been increased 
from 5: 1 to 6.6; 1. 

For satisfactory performance on heavy creosote, the temperature of 
the cooling water needs to be maintained above cSO deg. C., and the 
temperature of the induction pipe above 230 deg. C. When this tempera¬ 
ture falls below the figure mentioned, fumes appear in the exhaust, and 
the response to the throttle is sluggish. With the engine idling, the 
temperature falls to 230 deg. C. in half an hour, and the throttle must 
then be opened slowly until the induction system is hot once again. If 
the temperature falls below 230 deg. C., petrol must be used for warming 
up. The time required for heating up from cold is about five minutes. 

The secret of satisfactory preheating of the fuel and air appears 
to consist in having a heavy manifold with a substantial heat capacity. 
The induction pipe should be designed to prevent direct impingement 
of the fuel on the exhaust manifold, or local overheating will lead to 
the formation of pitch. 


4. Sources of Supply. 

Creosote suitable for use as a motor fuel may be prepared 
from coke-oven tar, horizontal-retort tar, or vertical-retort tar. 
The main product of each of these tars is a material for road 
dressing, which contains about 72 per cent, of pitch and 28 per 
cent, of oils. The presence of the lighter oil is required to 
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keep the product sufficiently fluid. Tn England the pitch contents 
of the three tars mentioned are respectively 70 per cent., 65 per 
cent., and 55 per cent. The mere removal of water and benzol from 
coke-oven tar produces a satisfactory road material, so that no creosote 
is available for other purposes. In concentrating the pitch content 
of horizontal retort tar from 65 per cent, to 72 per cent., very little 
creosote is prepared as a by-product. In the distillation of vertical 
retort tar, however, the residue of creosote would amount to approxi¬ 
mately 20 per cent., or 2.7 gallons per ton of coal carbonized under 
Englisli conditions. 

The demand for road tar in England is ratlier slack at present, 
but in normal times the market would probably absorb all the road tar 
available. On the assumption that crude tar is distilled for road 
binders alone, the annual production of creosote in England would be 
approximately as follows:— 


— 

Coke 0\ens. j 

Horizontal Itetorts. 

Vertical Eetorts 

Coal carbonised, tons 

17,000,000 

8,000,000 

10,000,000 

Creosote available, gallons .. 


6,000,000 

27,000,000 


The production of pitch for briquetting purposes by further dis¬ 
tillation of tar would make available about 25 extra gallons of creosote 
oil for every 100 gallons of tar so treated. The normal production 
of pitch in the United Kingdom is about 500,000 tons annually. At 
present the quantity is reduced, but in more settled times the extra 
amount of tar oils prepared by distillation to pitch may be taken as 
ajjproximately 38,000,000 gallons. The total supply is therefore about 
70,000,000 gallons annually. Of this quantity, the greater part is 
required for wood preservatives, disinfectants, exports, &c., but a certain 
amount is at present being burnt as a fuel oil, either as creosote itself 
or as a constituent of crude tar. The quantity of tar oils which could 
be prepared for use in motor vehicles without encroaching upon other 
markets would therefore be only a fraction of 70,000,000 gallons. In 
view of the fact that England imports 1,000,000,000 gallons of petrol 
annually, and that the London General Omnibus Company alone uses 
35,000,000 gallons, the supply of creosote is seen to be almost 
insignificant. 

In Australia, the pitch contents of coke-oven, horizontal-retort, and 
vertical-retort tars are respectively 65 per cent., 58 per cent., and 48 per 
cent. A good road material may be prepared from local coke-oven tar 
merely by distilling off the water and benzol contained in it. Only 
50,000 tons of coal tar per annum are carbonized in horizontal retorts, 
and then only in small works which do not distil their tar. The con¬ 
sumption of coal in vertical retorts is 1,000,000 tons per annum, yield¬ 
ing, on the average, 22 gallons of tar per ton. The creosote potentially 
available by distillation for road tar alone is therefore approximately 
6,000,000 gallons per annum. In Australia, there is no market for 
pitch for briquettes, so that the supply of tar oils could not be increased 
by further distillation for this purpose. 
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It is not possible, by distillation alone, to prepare a first-class road 
binder from tar made in vertical retorts from Australian coal. Diffi¬ 
culty is experienced, therefore, in selling road tar in competition with 
bitumen. Consequently, large quantities of crude tar, amounting to 
about half the production, are being burned under boilers and stills 
for want of a more profitable market. If a demand were to arise for 
creosote motor fuel, this tar could be distilled to a soft pitch for the 
production of creosote, leaving a residue which might still be used as a 
boiler fuel, or which alternatively could be returned to the retorts for 
gas making. It is difficult to estimate the amount of oil which might 
be prepared from crude tar which at present is being used as a fuel 
oil, but the quantity would be of the order of 4,000,000 gallons per 
aiiiium. Further supplies could be secured only by offering prices in 
excess of the present market rates, and in normal times the quantity 
available would be considerably less. The value of creosote at Aus¬ 
tralian gas works is approximately 6d. per gallon, so that a mixture 
containing 10 per cent, of benzol could probably be delivered in bulk 
to large consumers for about 9d. per gallon. It may be found, how^ever, 
that the addition of a solvent to Australian creosote is unnecessary. 

The amount of creosote potentially available for consumption as a 
motor fuel is small compared with Australia’s total requirements of 
about 200,000,000 gallons of such fuel per annum. The utilization of 
creosote, therefore, is not a question of national importance. To gas 
works, however, and to transport companies also, the possibility of 
operating motor vehicles on tar oil fuels should be of considerable; 
interest. 


5. Markets for Motor Fuel prepared from Tar. 

Owing to the limited and localized supply, the use of creosote must 
be restricted to the various metropolitan areas. The market for the 
fuel, moreover, will be restricted to concerns operating fleets of vehicles 
under expert supervision and with frequent inspections for repairs and 
renewals. In Australia, bus companies do hot appear to be organized 
on the large scale which is common in England and America. It should 
be possible, however, to find a market for creosote with transport com¬ 
panies, business firms, and railway departments, if the fuel can be 
offered at an attractive price. Creosote as a motor fuel can only 
displace second grade spirit, sold at Is. 9d. or Is. lOd. per gallon, 
resulting in a possible saving of 60 per cent, in fuel costs. Under 
different conditions, the cost of petrol amounts to between 15 per cent, 
and 40 per cent, of the total running expenses of a vehicle. For the 
present purpose, a round figure of 25 per cent, may be adopted, so that 
the saving to be effected by adapting a vehicle to tar oil fuel will be 
15 per cent, of the total expenses. Against this economy, there must 
be debited the extra cost of maintenance. It cannot be doubted that 
the net saving to be effected by the substitution of tar oil for petrol is 
very material, but a company with only a few vehicles in its employ 
probably would not be encouraged to spend money on adjustments and 
alterations for an economy of the order of 10 per cent. 

In some respects, creosote would appear to be an ideal fuel for 
tractors. These engines are designed for consuming kerosene, and 
would operate satisfactorily on a light grade of creosote without further 
modification. The value of tar as a tractor fuel, however, is discounted 
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by the necessity for using it as quickly as possible after distillation. 
If creosote is allowed to stand for a few weeks it forms gums, which 
would cause endless trouble in the induction system of a motor engine. 
For this reason alone, it would not be wise to attempt the sale of tar oil 
as a power kerosene. 

If creosote is ever adopted on a large scale as a motor fuel, it is 
to be expected that bus and lorry engines will be built for the consump¬ 
tion of other heavy fuels, such as kerosene. The mere fact that.such 
developments have not yet taken place suggests that manufacturers do 
not consider, at present, that heavy oils can compete with motor spirit. 
Although power kerosene is retailed at Is. 2d. per gallon in the capital 
cities, it can be landed into Australia for 7d. or 8d. per gallon. On 
a heat-value basis, this price is equivalent to the probable cost of pro¬ 
duction of a creosote-benzol mixture at the gas works. If a large 
demand wore to arise for heavy motor fuels, therefore, oil companies 
would be in a position to sell kerosene at competitive prices. 

It must not be overlooked that another competitor in the utility 
vehicle field is making fairly rapid progress in England and the 
Continent of Europe. Diesel engines are becoming popular for heavy 
duty, and more interest is being taken in these vehicles by bus companies 
and similar concerns than is being shown in creosote. Diesel engines 
possess all the advantages, and do not suffer from the limitations, of the 
creosote engine. It may be that in the near future the value of creosote 
as a motor fuel must be compared with Diesel oil instead of Ho. 2 motor 
spirit or kerosene. In such a competition, the advantage would 
undoubtedly rest with the petroleum fuel, for creosote itself cannot be 
used in a Diesel engine, and can only be adapted to the less efficient 
vaporizing oil engine. 


6. Conclusions. 

It has been demonstrated at Belfast and elsewhere that a motor 
engine can be adapted to consume tar oils instead of petrol. The 
performance of a vehicle on a heavy fuel is quite satisfactory, and 
the coniparatively low price of creosote should appeal to transport 
companies and similar concerns operating large fleets of vehicles. The 
supply of creosote in Australia is limited to the larger cities, and only 
4,000,000 gallons, approximately, could be made available at the present 
market price of tar oils. If a demand should arise for large quantities 
of heavy motor fuel, it is likely that kerosene also will be sold for the 
purpose. Creosote would then have no advantage in cost of production 
over other fuels. It is likely, therefore, that the consumption of tar 
oil as a motor fuel will be limited to the quantity which is at present 
being used for firing boilers and stills. This amount represents only 
a very small contribution to Australia’s total requirements of motor 
spirit. It is very desirable that the utmost use should be made of home- 
produced fuels, but it would be very unwise to anticipate any consider¬ 
able developments in the employment of creosote as a motor spirit. 

To companies owning only a few vehicles, the possible saving in fuel 
would not justify the expense of the necessary alterations to the engine. 
The economies to be effected by large concerns, favorably situated for 
purchasing and using creosote, are fairly considerable, however, and 
co-operation with the gas companies on this subject should be to their 
mutual advantage. 
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Tasmanian Soils in Relation to Tree Growth in 
Plantations of Pinus radiata (insignis) and 
other Exotics. 

By C. G, Stephens, M.Sc* 


The following/ article has been prepared from a rather full report 
written by Mr. Stepliens, of the Division of Soils, primarily for the 
'rasmanian Forestry Department. In addition to giving detailed 
descriptions of the various typos of soils on which pines ha\e been planted 
in Tasmania, the report puts forward evidence in support of the 
contention that the acidity of the soils has a very important bearing 
on the well-being of the trees. As such a finding may have a much 
more general application than to Tasmanian soils, and in view of tin* 
somewhat widespread interest that is now being taken hi Australia in 
the planting of pines and other exotics, it has been decided to i)ublish the 
material that follows.—Kn. 


Summary. 

1. An examination of the soils of several forest plantation areas in 'rasinania 
has been made. 

2. Over the pH range (3.5-5.5) of the soils examined, the pH value was 
found to be much more significant than plant food values in controlling the 
\ igour of the trees, low pH values in most cases being accompanied by the death 
of the trees. 

3. Those soils of low pH lalue (3.5-4.5) were almost invariably Very sandy, 
strongly podsolised soils, clay and silt being present in almost negligible 
quantities. I'liese soils were also characterized by a heath vegetation, a featuic 
of which was the predotginance of ^prengelia incar'iinta. 

4. Those soils of higher pH value (4.5-5.5) were characterized by a hea^ ier 
texture than a sand, varying from a sandy loam to a denuded light clay. The 
vegetation on these soils was \erv different from that on the lower pH" range, 
being of a rain or sclerophyll forest nature. 

5. A correlation co-efficient of .8 was found between the vigour of Pinun 
radtata and the pH value of the soil. 


i. General. 

When the classification of the major soil types in Tasmania was 
commenced by the Division of Soils in 1931, the Departments of Agri¬ 
culture and of Forestry undertook to co-operate in the work. The 
Forestry Department has an interest in the relationship between soil 
type and forest growth, and is particularly concerned as to the possi¬ 
bility of planting the poorer types of soils with exotic conifers and other 
trees. As a result of difficulties experienced with these poor soils in 
various parts of the State, the Department came to the conclusion that 
a careful investigation was desirable, with the result that the study 
which is the subject of the present report was undertaken. 

Generally speaking, the areas utilized for softwood planting in 
Tasmania amount to several hundred acres, and have been what is 
termed third class land, often of the poorest quality, first and second 
class land usually being regarded as of greater agricultural than sylvi¬ 
cultural value. No extensive attempts have been made to plant the 
button-grass plains, which occur in large areas in the western half 

• An officer of the Division of Solis and located at the University of Tasmania, Hobart. 
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of the State, although a definite interest in that direction has been 
taken in them. On the poorer types of third class land, the trees have 
failed extensively. This is the case particularly at Strahan and Sisters’ 
Hills, but where the plantings are on a different soil type—although 
included in the general broad classification of third class—namely, at 
Queenstown, Beaconsfield, and a small portion of Sisters’ Hills, quite 
good results have been obtained. 

At Strahan the plantation is situated entirely on ancient sand dunes 
which have been extensively re-worked, and which, except near the 
shore, and where they have been broken up to form sand-blows, retain 
practically no resemblance to the beach sand from which they are 
derived. The slopes of these dunes vary from gentle to moderate. 

Sisters’ Hills is situated on an extensive area of pre-Cambrian sand¬ 
stone, the topography of the country being very steep, except for some 
areas of gentler slopes in some of the broader valleys. 

Both the Beaconsfield and Queenstown areas are situated in country 
the rocks of which have a very complex petrographic nature. At 
B(‘aeonsfield there are present gabbro, serpentine, slates, and schists, 
as well as areas of more recent rocks. At Queenstown the predominant 
rocks are felsites, gabbro, and serpentine. The slopes on the average, 
in both eases, are moderate, though flats and steep slopes both occur. 

Thinking that the failure of the trees on certain areas might be due 
to the absence of mycorrhiza-forming fungi, the Forestry Department 
inoculated some of the areas at Sisters’ Hills with soil from more 
successful areas. This produced no result. 

Although the literature on the subject is somewhat indefinite, it is 
generally considered that the formation of mycorrhiza is essential for 
the successful growth of pines. With this idea in mind, one dozen two- 
year-old Pinus contorta plants of various heights and shades of green 
and yellow were handed to Mr. W. M. Came, of the Division of Plant 
Industry, for examination. He reported that abundance of root growth, 
abundance of mycorrhiza, and mycorrhizal activity in general decreased 
as the trees became more yellow and, with one notable exception, as the 
size of the trees decreased. The exceptional tree, however, fitted in tlie 
colour gradient. Mycorrhiza was present in all cases. 

Hence it is practically certain that the failure of the trees in this 
case is not due to the absence of mycorrhiza-forming fungi. However, 
it is possible that the soil conditions themselves, by controlling the 
abundance of the fungi, indirectly control the vigour of the trees. 


1 . Soil Types and Analytical Data. 

The full report contains detailed descriptions of the various types 
into which the soils have been classified, and also the results of 
mechanical and chemical analyses. Accounts of the native vegetation 
occurring on the various types are also given. 

Because of the indications presented by the state of the trees and 
the type of natural vegetation present, it was decided to regard the 
determinations of soil acidity (pH) as the major part of the investiga¬ 
tion, and as being likely to yield the most important results. Accord¬ 
ingly, nearly three hundred pH determinations in all were made, the 
quinhydrone electrode being used throughout. The results are classified 
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in Table 1. In addition, certain indications were noticed that pointed 
to a probable deficiency of potash, phosphates, and nitrogen in most of 
the soils. Hence both available potash and phosphate and total nitrogen 
were determined on samples from each of the soil types. 

All values for available phosphate for surface soils except one were 
either low (0.0025 per cent.) or very low (0.00012 per cent.), but one 
value (0.0066 per cent.) approached a moderate figure. Similarly, all 
values for available potash for surface soils were either low (0.0050 per 
cent.), or very low (0.0012 per cent.). Some of the latter values may 
be regarded as extremely low. 

The figures for total nitrogen varied from low (0.0364 per cent.), to 
high (0.33SS per cent.) values. 


3. Conditions of the Trees and their Correlation with Analytical Data. 

At Strahan, on soil type Si, the trees planted seem to be doing very 
poorly. Over the whole area, the trees are of a decidedly yellow colour, 
and on the average have attained a height of approximately only 
18 inches for several years’ growth. Quite a percentage aj-e dead, but 
occasional trees, in hollows, seem to have done fairly W'ell. On two areas 
that were ploughed before planting, a little improvement in the height 
was noticed. In addition, some work has been carried out on a few 
experimental plots. Several fertilizers have been used and, in the case 
of bone and superphosphate together, superphosphate alone, bloor] and 
nitrate together, blood and superphosphate together, and blood and bone 
together, all trees show some increase in height, being in a few cases 
up to 30 inches high, but they are still yellow and w^cll below normal 
growth. On one plot where lime had been used, no effect was noticeable. 
On soil type S2 the trees show a slight improvement on the above, 
being of a greater average height in general, and of a better colour, 
although not a normal green. 

At Sisters’ Hills, on both soil types SHI. and SH2, the trees have 
failed consistently, those on type SH2 being much the worse. All trees 
are yellow, those on type SH2 being particularly bright in colour, and 
in both cases they are of a very low height, those on SH2 again being 
the worst. No very definite general figure for height is possible, owing 
to the different species and ages of the trees planted, and the fact that 
many plots were frequently refilled. On the whole, the oldest of those 
that have survived have made very poor growth. A large proportion of 
the trees on SHI, and a very large proportion on SH2, have died. Some 
of the trees have been planted on mounds about 6 inches high—a practice 
that seems to have effected a slight improvement. Where some stump 
has been burnt in the ground and the tree planted in the remains a 
noticeable improvement in height suggests that potash is somewhat 
deficient in these soils—an assumption verified by the analytical data. 
The growth of the trees on type SH3 is particularly good, both in height 
and colour. 

At Beaconsfield, on type BIa, the growth of the trees on the wliolo 
may be classed as good, e.g., trees eight years old are in many cases 
over 20 feet high. There is some variation in height, but the colour 
is generally normal. The same remarks apply to BIb. except that there 
is rather more variation in height. On type B2 there is considerable 
variation, from quite poor results in both colour and height, to quite 
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normal growth. Type B3 exhibits the worst results at Beaconsfield, 
there being generally a variation from very poor to very fair results, 
colour and growth being in some cases as bad as at Sisters’ Hills on 
type SHI. 

On both types, Q1 and Q2, at Queenstown, the trees seem to be 
making very fair growth, and are almost normal in colour. In this case, 
only Finvs pinaster is considered, as the other two species planted appear 
to be suffering to some extent from the small percentage of sulphur 
dioxide* still in the atmosphere, although they continue to make fair 
growth. P. pinaster does not appear to be affected. 

Some leaf fusing and Chermes were noted on the various areas, par¬ 
ticularly at Beaconsfield. 

The data and analytical results are classified in Table 1. 

4. Conclusions. 

The major results of the investigation seem to indicate that it is 
useless to attempt to plant exotic and other species of softwoods on 
natural soils with a pH value of less than 4.0, and that on soils with pH 
values between 4.0 and 4.5, failure is comparatively certain or, at best, 
on the better textured soils only fair results will be obtained. In tlie 
latter pH range, an efficient drainage scheme and/or a different method 
of planting, e.g., an elaboration of the mound planting tried at Sisters’ 
Hills, may improve results, especially on the better soils. Generally 
speaking, the soils with pH above 4.5 should give good results, and those 
above pH 5.0 excellent returns. The value pll 4.0 may be regarded as 
the limiting value for the survival of exotics in general, although it 
was continually noticed that some species withstood greater acidity 
(lower pH) better than others. This was particularly noticed in the 
case of Finns contorta, which seems to do comparatively well down to 
pH 4.0; e.g., on an area from which the samples were all between pH 
4.0 and 4.5, and where Finns radiata, Picea stichensis, P. excelsa, Larix 
enropea, Seqnoia sempervirens, and Tsnga albertiana had all failed, P. 
contorta is shoAving up splendidly, and putting forth good shoots. It is 
possible to observe numerous examples of the above phenomena, but 
there is need for further elaboration of the work to place the species 
in some definite order of tolerance to acidity. 

Another prominent fact is the marked relationship between the 
physical characteristics of the soils, and the growth of the trees. In 
all cases where the soils are completely podsolised sandy soils, the trees 
have grown very poorly. Since such completely podsolised sands are, 
under the climatic conditions prevailing in Tasmania, naturally very 
acid in reaction, then the connexion between the growth of the trees and 
the texture of the soil can be readily followed. Where the trees have 
been successful they are almost invariably on soils heavier than sands. 

Despite the observations in the field having shoA\m that the trees will 
respond to increments of phosphatic, potassic, and nitrogenous fertilizers, 
an examination of the estimations of the plant foods and total nitrogen 
on the samples from the various soil types indicates that the vigour of 
the trees is probably not very largely determined by the amount in which 
they are present, but rather that the pll value is more significant. For 
example, type B3 is high in nitrogen, while BIa is low; but the trees on 


• From the Mt, Lyell smelters. 
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BIa are much better than those on B3, Since both phosphate and 
potash are low in both types, this difference is most probably due to 
the difference in pH values, that of BIa being higher than that of B3. 
Owing to the general poorness of all soils except SH3 in phosphate and 
potash, these figures are not so readily interpreted, but the fact that 
trees show quite good growth on such soils as BIa, which are as poor in 
phosphate and potash as some of the soils whore tlie trees are doing 
very poorly, indicates that the paucity of these plant foods is by no 
means the limiting factor in the growth of the trees. 

This conclusion as to the imj)ortanee of an optimum pll range, ratlnu' 
than an abundance of plant foods, was verified by the strength of tlie 
correlation of the vigour of Pinus radiaia for which sufficient data was 
available with the pH values of the soil samples taken from the hole in 
the immediate vicinity of which the height of the young trees was 
estimated. 

To overcome the difficulties associated with curved regression lin(*^ 
and partial correlation co-efficients caused in this case by the different 
ages (0-9 years) of the trees measured, and the fact that the age at death, 
as distinct from age at date of observation, was not known, the heights 
of the trees at different ages were compared as ratios with the heights 
at corresponding ages of an arbitrary standard Pitim radiaia, thus 
reducing the problem to one involving direct correlation and straight line 
regression. The ratio of the heights was defined as the vigour of the 
trees. The hidghts of the standard tree at various ages are shown in 
the following table;— 


Age (years) 

..01234 5 t) 7 

S 9 

Height (feet) 

1 2 4 »•> 1» 12 15 11) 

23 27 


Whatever the age at death, or date of observation, if the great majority 
of the trees near the hole were dead, and the remainder at a standstill, 
the vigour was taken as <.2, and placed accordingly in tin* correlation 
table, together with the other values of which there were eighty in all. 
The following is the correlation table:— 

Reaction (pH). 
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It is obvious from the above table that there is a marked positive 
correlation between pH value of the soil and the vigour of the trees. 
The angles formed with the axes by the two regression lines calculated 
and plotted from the above table give a positive correlation co-efficient 
of .8. From Fisher’s tables, the co-efficient for the .06 level of signifi¬ 
cance and 78 degrees of freedom (80 double entries) is .214, so that the 
result of .8 is undoubtedly significant. 

The arbitrary standard Pinus radiata was suggested by the Con¬ 
servator of Forests, Hobart, and its growth curve forms an almost exact 
fit to the equation (h — l)=k.a.®/2, where k == 0.96, h — height in 
feet, and a == age in years. Other arbitrary standard trees, if used, 
would, by virtue of their different total heights, merely cause a change 
of scale of the regression lines. If the yearly growths did not fit the 
above equation, then there would be a re-arrangement of the points 
about the regression lines, but they would actually change the position 
of the lines which are fitted by the law of least squares, little, if any. 

Hence it appears that over the pH range (3.5-5.6) of the soils 
examined, in the case of Pinus radiata at least, and there is every 
indication that it is true of many other species, the pH value of the 
soil is of major importance in determining the vigour of the trees. 
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PUkTE 1. 


(The Animal Health Research Station, Townsville. See page 61 .) 



Fig. 1.—^Gcneral view of laboratory building from south-east. 



Fig. 2.—Isolation paddocks for experimental cattle. Erected in the co:*onut 
palm grove with each pen carefully buffered. A group of cattle used 
in contagious bovine pleiiro-pneumonia i^ seen. November, 1932. 


C.289—3 













PLATS 2. 



Fig. 3. —General laboratory (bacteriological and biochemical). Unfortunately 
the photographer included the then incompleted stairway. November, 1932. 



Fig. 4. —Post-mortem room in concrete annexe. November, 1932. The unique 
design was reproduced from Continental literature. 
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NOTES. 


The Animal Health Research Station, Townsville. 

In recent issues of this Journal (e.g. Vol. 5, No. 2, p. 131, and Vol. 5, 
No. 3, p. 193), references have been made to the cattle investigations in 
which the Empire Marketing Board, the Queensland (xovernment, 
Queensland cattle producers, and the Council are co-operating. The 
main laboratory in which this work is centred is at Oonoonba, some 
6 miles outside Townsville, and was made available for the work by the 
Queensland Government. Subsequently, however, various modifications 
were made to the various buildings in order to make them more suitable 
to the particular programme of investigations mutually agreed upon by 
the co-operating parties. Some recent photographs of the Station have 
now been obtained, and four selections from them are reproduced in 
Plates 1 and 2 (facing page 60). 


The Thomas Q. Sloane Collection of insects (Coleoptera). 

The late Mr. Thomas G. Sloane, a well known sheep breeder of 
Morilla ” Station, near Young, N.S.W., was a keen collector of beetles, 
and became one of the leading specialists in the world on the great group 
of Caraboidea or Ground Beetles and their allies. It had been his inten¬ 
tion to retire to Canberra and spend the last years of his life working at 
his favorite hobby, and he had expressed his intention of leaving his 
collection to the Museum of the Division of Economic Entomology, 
C.S.I.E. His death occurred before he could give effect to his wishes, 
but Mrs. Sloane has very generously donated the collection to the 
Council. 

The collection consists of many thousand specimens of Caraboid 
beetles and is divisible into two main sections—(a) Mr. Sloane’s collection 
proper, containing only Australian species, and housed in a large cabi¬ 
net; (fe) the famous van der Poll collection, containing Caraboidea of 
the whole world, in about 300 continental cartons, purchased by Mr. 
Sloane during his last visit to Europe. In the Australian portion of 
the collection there are a large number of valuable type specimens. 

Besides the collection, the Council has secured a complete autographed 
and annotated set of Mr. Sloane’s publications, fifty-five in number, which 
will be of very great value to any specialist wishing to make use of the 
collection. 


Entomological Investigations—Gift of £500 by Sir MacPherson Robertson. 

The Council has recently received a very generous gift of £500 from 
Sir MacPherson Eobertson, the well-known confectionery manufacturer 
of Melbourne. The gift consists of £200 for capital expenditure and 
£100 per annum for three years. It is known that Sir MacPherson 
would welcome researches into insect pests of stored food products, but 
nevertheless he has made his gift quite unconditionally. 

It is proposed to utilize the capital grant for the erection at Can¬ 
berra of temperature and humidity control apparatus in which entomo¬ 
logical studies of the nature Sir MacPherson has in mind may be under¬ 
taken. Plans for such apparatus are now being prepared. 
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The Blowfly Problem.—Porthcoming Comprehensive Report. 

Elsewhere in this issue (page 70) a brief reference is made to the 
forthcoming publication of the Joint Blowfly Committee’s report on 
the blowfly problem. 

This Committee is a body that has been established by the Council 
and the New South Wales Department of Agriculture acting in con¬ 
junction. Its main purpose is to co-ordinate the blowfly researches of 
the two bodies, and to advise generally in regard to that work or to the 
initiation of investigations into other aspects of the main problem. It is 
constituted as follows:— 

Dr. J. A. Gilruth, Chief, Division of Aiiimal Health, C.S.I.R. 
(Chairman), 

Dr. R. J. Tillyard, Chief, Division of Economic Entomology, 
C.S.I.R., 

Dr. H. R. Seddon, Director of Veterinary Research, N.S.W. 
Department of Agriculture, and 

W. B. ^irney, Entomoligist, N.S.W. Department of Agriculture, 

with Dr. I. M. Mackerras, of the Division of Economic Ento¬ 
mology, C.S.I.R., as Secretary. 

At an early stage after the Committee’s formation, it considered that 
the publication of a statement which would summarize the work already 
done on the problem and the present stage of knowledge of the problem 
was advisable. It was realized that such a statement, if published, would 
be of value, not only to the sheep-owner, but to research workers 
generally throughout Australia and other countries. 

This suggestion was approved and a report has now been prepared. 
It will be ready for publication almost immediately. It is written in 
language as simple as possible, consistent with exactitude, and com¬ 
prises 136 pages of subject-matter, together with a number of text figures 
of larvae, traps, &c., a number of photographs of interest, and a coloured 
frontispiece showing each individual species of blowfly associated with 
strike. It will be possible, by reference to this coloured frontispiece and 
to the accompanying descriptions, for any one to determine the nature 
and importance of any blowfly which he may capture. The various 
sections of the report are as follow:—(i) the blowflies concerned, (ii) 
descriiJtion of strike, (iii) origin and spread of strike, (iv) earlier 
scientific investigations, (v) later scientific investigations, (vi) geo¬ 
graphical and seasonal distribution of flies, (vii) blowfly biology: habits 
and life-histories, (viii) blowfly biology: relation to environment, (ix) 
factors influencing fly abundance, (x) susceptibility of individual sheep, 
(xi) general waves of fly-strike, (xii) general observations of measures 
for combating strike, (xiii) crutching, (xiv) jetting, swabbing, and 
dipping, (xv) dressings, (xvi) breeding to reduce susceptibility, (xvii) 
fold removal operation, (xviii) biological control, (xix) trapping, (xx) 
carcass treatment, (xxi) facilities for research, and (xxii) scope of the 
present investigations. 

The report will be issued as a joint publication by the two co-operat¬ 
ing parties, but at the same time will be incorporated by each organiza¬ 
tion in one of its regular series of publications, namely, the Council’s 
series of Pamphlets and the Science Bulletin series of the New South 
Wales Department of Agriculture. 

The printing of the report has been rather costly, and it will bo 
necessary to make a small charge (Is, 6d. per copy). 
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The Occurrence of Anaplasmosis in Cattle in North Australia. 

Hitherto, it has generally been accepted that the only blood parasite 
transmitted by the cattle tick (Boophilus microplus) in Australia is the 
piroplasm which produces the disease known as redwater or tick fever. 
For some considerable time, however, there has been very good reason 
for believing that other blood parasites existed, these being also trans¬ 
missible from affected to healthy animals by the same tick apd possibly 
by other vectors. One of these parasites is known as the anaplasm, 
discovered by Sir Arnold Theiler in 1910 in cattle in South Africa, and 
since determined to have a very wide distribution throughout the tropical 
and sub-tropical areas of the world. Aiiaplasms are known to exist in 
South, Central, and North Africa, Asia Minor, the East Indies, and 
North and South America. 

This parasite takes the form of a minute spherical body usually 
found within and close to the margin of the red blood corpuscles. It 
is quite different in appearance from the piroplasm, which is usually 
pear-shaped. In the past, its existence has possibly been overlooked 
because it produces a disease very similar to redwater, and its appear¬ 
ance in the blood in association with the piroplasm has caused observers 
to regard it as possibly only a variety of the latter organism. 

Dr. J. Legg, of the Animal Health Research Station, Townsville (re 
the establishment of which see this Journal, Vol. 5, May, 1932, p. 131), 
has for some time suspected that the anaplasm exists in North Queens¬ 
land, but prior to the inauguration of the new regime the necessary 
facilities for pursuing tliese investigations were not available. Since 
his return from South xVfrica, a few months ago, however, lie has 
addressed himself to the problem, and by a series of experiments has 
determined (i) that the anaplasm exists in Australia, often concurrently 
with the piroplasm, but from which it may be dissociated; (ii) that it 
is capable of producing a diseased condition of the host that may result 
in death; and (iii) that immunity to the one blood parasite does not 
imply immunity to the other. 

The discovery is of importance chiefly in connexion with the 
immunization of healthy cattle introduced into the tick-infested areas 
of the North. 

The presence of two diseases, both tick conveyed, on an individual 
property may account for the so-called relapse which may occur 
when cattle immunized against the redwater piroplasm are exposed to 
tick infestation, the “ relapse in this instance being due to anaplasmosis 
inoculated by the tick in the natural manner. 

When one considers the long period of incubation which frequently 
occurs with anaplasmosis, an explanation is given to the secondary 
reactions which may occur after inoculation for redwater, these 
“ secondary ” or delayed reactions being due to the presence of the 
anaplasm in the blood used for inoculation purposes. 

There is the possibility that tick-infested areas exist whether neither 
of the parasites exist, or where one alone may be present. 

Dr. Legg’s report will shortly be published by the Council as a special 
pamphlet. 
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White Ant lovestigattoos in North Australia. 

Mr. Q. F. HUl, of the Division of Economic Entomology, returned 
towards the end of last year from a three months’ stay in Darwin, where 
he went for the purpose of carrying out some investigations into the con¬ 
trol of the largest and most destructive Australian termite (white ant), 
namely, Mastotermes darwiniensis. Particular attention was given to the 
insect’s attack on dwellings and on living trees, and a considerable pro¬ 
portion of the work concerned the effect of various poisons. 

Numerous tests were made with baits of sawdust and other cellulosio 
material after treatment with various poisons and with and without the 
addition of supposed attractive substances. It was found, however, that 
aawdust from Eucalyptus gigantea was more attractive than any other 
material tested. When such sawdust was mixed with from 1 per cent, 
to 3 per cent, of arsenite of soda, termites were destroyed, but it was 
found impossible to free an infested building of the insects in this way. 

Fumigants and dusts such as paradichlorbenzene, sodium fluoride, 
Paris green, cyanogas, &c., were used in walls traversed by the insects, 
and also in the “ tubes ” or tunnels leading to the main nest. (Incident¬ 
ally the nest of a colony of Mastotermes is extremely difficult to find and 
may be 100 yards or more distant from the site where insects are 
obviously present, the path between the nest and feeding place being an 
underground tortuous ^^tube”). Most of these materials were found to 
kill white ants readily enough, but their effects soon wore off, and other 
members of the colony soon returned. Paris green, however, was found 
to be very satisfactory. In one case, for instance, an occupied tube 
extending from the ground up the concrete foundation of a building was 
broken, and Paris green blown into it. For some weeks the termites 
which were left in the timber attempted to reconstruct the tube to allow 
of their return to the soil, but each attempt failed, and the result was the 
death of a great number of insects. 

In the neighbourhood of Darwin, indigenous and introduced fruit 
and ornamental trees are frequently attacked by white ants. It was 
found, however, that Paris green used as a dust and blown into the 
centre of an infested tree from an auger hole bored into the centre at 
about 18 inches from the ground was quite effective. In all, about 100 
trees, including about 46 citrus trees, and many mangos, poincianas, and 
indigenous Acacias were treated—in all cases with complete success. It 
is expected that the treatment will remain effective for many years. 

In conclusion, Mr. Hill’s work was greatly facilitated by the Aus¬ 
tralian Investment Agency, which, through its General Manager, Mr. 
0. W. D. Conacher, gave £76 towards the cost of the work as well as 
laboratory and other accommodation at Darwin, and clerical and manual 
assistance. 


Wood Taint in Butter—Experimental Shipments. 

In a previous issue (Vol. 6, Feb., 1932, page 1), an account of the 
Council’s investigations into the problem of wood taint in butter, and 
of the spray treatment that has been developed for controlling it, was 
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giyen. Furtlier tests of the process are now being carried out by means 
of small experimental shipments of sprayed boxes which are being used 
as part of an ordinary consignment of export butter. 

Two timbers^ namely^ Pinus TddidtcL (^insignis) and hoop pine, are 
being employed in the tests. Boxes made of the former timber are being 
forwarded to London by the South Australian Farmers’ Co-operative 
Union. The first shipment from South Australia, consisting of 90 boxes, 
left Australia early in 1932. The results of the London inspections 
were, on the whole, satisfactory, although a small amount of taint in 
the butter near the edges of the boxes was found. The boxes of this 
particular shipment, however, consisted of undressed timber, which did 
not give the treatment such a chance of success as if dressed timber had 
been used. Further shipments of boxes made up of dressed timber left 
South Australia in September and October last, and the results of the 
London tests should soon be available. 

Small experimental shipments of butter in boxes from sprayed hoop 
pine have also been sent from Queensland by Messrs. Hancock and Gore. 
The first of these left Australia in August last, and was followed at 
short intervals by five others. The results of the London inspections of 
the first shipment have just become available through the courtesy of the 
Department of Commerce, being contained in a report of the Depart¬ 
ment’s Dairy Officer located in London. The report reads as follows:— 

A consignment of butter, packed in specially prepared boxes ex 
the s.s. Berldigo, was examined at the warehouse of Messrs. Foley 
Bros, on 20th October. A selection from the marked boxes was made 
of an equal number of treated boxes comprising veneer and sawn 
timber boxes. For comparative purposes, a number of untreated 
boxes were also brought to the warehouse. 

“ Each box was emptied and the box and contents carefully 
examined. It was noted that in every instance the treated boxes 
gave off no smell from the inside and had a clean impervious sur¬ 
face. The edges and other surfaces of the butter were carefully 
inspected, and only in rare instances was the faintest trace of taint 
to be found on the most exposed of the edges. In one instance the 
paper had got doubled back, exposing several square inches of un¬ 
protected butter, but no trace of taint could be found. On this 
occasion, there was a most distinct difference between the treated 
and untreated boxes. While the treated boxes were free from smell 
and the butter on all surfaces almost completely free from taint, 
the untreated boxes, especially the veneer type, smelt like new 
leather. The taint could be found on most surfaces of the butter, 
but was particularly noticeable on edges, top side and bottom. 

Should subsequent examinations of other consignments yield 
such satisfactory results, a considerable step towards the elimination 
of timber taint will have been made, but at this stage one cannot 
anticipate the result of future examinations.” 

In all cases of these experimental shipments, a few boxes are retained 
in Australia and opened up at about the time the main shipment should 
reach London. The butter they contain is then tested for wood taint. 
The results of this work to date have, as would be expected, been in line 
with the results of the London inspections. ^ 
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A new Apparatus for Treatment of Wounds and Ply-struck Areas on Sheep 
during Shearing and Crutching Operations. 

{Contrihuied hy Dr. J. A. OilnUh, Chief, Division of Animal Health.) 

The varied sounds of a shearing shed are frequently punctuated by 
the cry Tar.” Forthwith a youth speeds to the source, and dabs more 
or less inelfectually a black paste from an uninviting pot with a stubby 
brush on to a wound more than usually severe made by the shears or the 
hand pieces of the shearing machine. Often the operation is perfunc¬ 
tory. The application is supposed to sterilize the wound, stop bleeding, 
and promote healing. Ordinarily its effect is negligible, beyond a 
tendency to ward off flies. It has struck many observers as being an 
unsatisfactory procedure, but time does not permit of the more careful 
antiseptic treatment of such wounds which, after all, are comparatively 
rarely attended with serious results. Perhaps no animal could suffer 
such frequent wounding of the skin in similar surroundings with the 
same impunity as does the sheep. From time to time, however, out¬ 
breaks of blood poisoning and of tetanus follow, while it has been 
abundantly demonstrated that the most common means of entrance to 
the system of the microbe responsible for ‘‘ cheesy glands ” (caseous 
lymphadenitis) is through wounds inflicted during shearing.^ Therefore, 
if an effective, economical, and handy method of applying an antiseptic 
were available, many a pastoralist would adopt it and with benefit. 

Such a method has recently been devised, and I have had the oppor¬ 
tunity of witnessing it in practical operation at the shed of Mr. F. D. 
McMaster of ‘‘Dalkeith,” while sheep were being crutched and treated 
for strike when necessary. 

The apparatus consists of a small air-pump (driven from the engine) 
and a cylinder provided with a gauge placed where the attendant can 
observe the pressure which is maintained at from 50 to 75 lb. per square 
inch. From this cylinder, a ^-inch pipe is led throughout the shed about 
10 feet above the floor and attached to the uprights of the holding pens. 
From this horizontal pipe three down pipes for each group of ten stands 
descend at intervals to within 2 inches of the’ floor. At the end of the 
down pipe is affixed about 12 feet of rubber tubing which leads to a 
spray-gun similar to those used for the spraying of paint. The gun is 
fitted with a trigger which, when pressed, permits a spray or a jet to be 
emitted at the will of the operator. While not in use, the gun rests on a 
convenient bracket out of the way. When the shearer calls out “ Tar,” 
the boy grasps the ne.arcst gun and rapidly and effectively sprays the 
wound with the antiseptic solution contained in the gun. For wounds 
at shearing time, a 1 to 7 solution of phenyl is employed at “ Dalkeith,” 
but during crutching, when struck sheep may be found, the solution used 
is slightly stronger—1 part of phenyl to 6 of water. I treated person¬ 
ally a number of fly-struck sheep with this apparatus, and found it 
everything one could desire for rapidity of treatment as well as effective¬ 
ness in destroying the maggots, while the quantity of fluid necessary was 
reduced to a minimum. Contrary to general expectations, the flexible 
tube is never in the way, and the shearers engaged in crutching were 
unanimous in their expressions of approval of the new method. 

The cost of the installation complete is relatively moderate; when 
once established, depreciation is small and the cost of operating 
negligible. 'No extra staff is required. It should be a special boon to 
all pastoralists who are liable to find a percentage of sheep struck when 
shearing or crutching. 
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Recently, the members of the Joint Blowfly Committee at Canberra 
had an opportunity of observing a demonstration on the treatment of 
fly-struck sheep, with a portable apparatus attached to the motor car of 
the maker. They expressed the opinion that the use of this apparatus 
would be very much more efficacious for the treatment of wounds at 
shearing time, and the treament of struck areas when crutching, than 
the methods hitherto in use. 


The Investigation of Coast Disease.” 

The Chief of the CounciTs Division of Animal Nutrition (Sir 
Charles Martin) has recently made some suggestions to the Executive 
Committee of the Council in connexion with the problem of ‘‘ coast 
disease ” which causes difficulties to raisers of sheep and cattle in 
certain parts of Australia. He points out that the problem exists on 
some thousands of square miles of coastal districts to the south of Aus¬ 
tralia extending from King Island in the cast to beyond the western 
border of South lYustralia in the west. 

As Sir Charles puts it the general story dating back 50 years is 
that although stock may be fattened upon calcareous country during the 
spring and early summer, if kept upon it for more than a few mouths 
they become debilitated and die, but if removed to much poorer iron¬ 
stone ’’ heath country on the elevations adjoining the calcareous flats 
they recover their health but become, from scarcity of food, poor. Sheep 
farmers find it impossible to run their business unless they have access 
to ironstone country.’’ 

After discussing previous work on tlie problem and indicating that 
the conclusions drawn from such work are very divergent, Sir ('harles 
expresses the opinion that there is a variety of maladies included in 
the term coast disease ” and that as a first step in the solution of the 
problem these individual conditions should be sorted out and classified. 
From liis own observations to date, he considers that the term has been 
extended, inter alia, to tlie effects of parasitism, a nervous disease pro¬ 
ducing ataxia called rickets by the farmer, a lethargy with muscular 
weakness proceeding to emaciation and death and affecting animals 
which may be in apparently good nutritive condition, and maladies due 
to various degrees of general and mineral starvation. 

lie suggests that a small committee composed of people experienced 
in different branches of science be set up in South Australia to direct 
an inquiry into the whole problem. 

The Executive has approved of the above suggestion and is now 
making the necessary approaches with a view to having the committee 
formally established. 


Investigations with New Apple Stocks. 

As a result of his visit to Australia a year or so back, Mr. K. 6. 
Hatton, Director of the East Mailing Research Station, reached the 
opinion that it would be well worth while if some tests of apple stocks 
other than the Northern Spy were carried out in Australia. He felt that 
there was a possibility that a number of problems of the local apple 
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industry were due to the general use of the Northern Spy stock and 
that some of the stocks developed at East Mailing might be more suit¬ 
able for some Australian conditions. In addition, Mr. Hatton has at all 
times made it clear that he would be glad to accommodate selected Aus¬ 
tralian graduates whom it might be desired to send to East Mailing for 
experience in that Station’s methods. 

Accordingly, when towards the end of last year the Queensland 
Committee of Direction of Fruit Marketing approached the Council 
in connexion with horticultural investigations in the Stanthorpe dis¬ 
trict and offered financial assistance in that work, the opportunity was 
taken to send such a graduate for a year’s stay at East Mailing. The 
graduate in question is Mr. L. A. Thomas, M.Sc., and he is now at the 
Station on a studentship awarded him by the Trustees of the Science and 
Industry Endowment Fund. On his return to Australia, he will be 
located at Stanthorpe as an oflicer attached to the Division of Plant 
Industry. The Committee of Direction will then undertake the respon¬ 
sibility of providing his salary for a period of three years. 

He has recently made arrangements for sending out to Australia 
at a fairly early date a selection of what are considered suitable East 
Mailing stocks. It is proposed to plant these in the Stanthorpe district 
in two or three different situations. It is hoped that the necessary 
small blocks of land will bo provided by local producers through the 
Committee of Direction. 


The Catologue of Scientific Periodicals—Supplement. 

The Catalogue of Scientific and Technical Periodicals in the 
Libraries of the Commonwealth” was published by the Council some 
three years ago, the entries contained in it, however, covering informa¬ 
tion given by libraries up to the end of the year 1928. As pointed out 
in a previous issue (Vol. 3, page 125, 1930), it is particularly useful in 
a country of such large distance as Australia for research workers and 
others to be able readily to ascertain which libraries contain the par¬ 
ticular periodicals they desire to see, especially as such periodicals are 
often comparatively rare. It was to meet that purpose that the Catalogue 
was originally prepared and printed. 

At the time, it was realized that for the Catalogue to be maintained 
at its full value it would be very necessary to keep it up to date 
by means of periodical supplements. Information re amendments and 
additions is now being obtained from the co-operating libraries with a 
view to publishing the first supplement at an early date. A large pro¬ 
portion of this information has, in fact, already been obtained and 
indicates that this first supplement will need to be somewhat voluminous 
and that it will approach in size one-quarter that of the original 
Catalogue. 

The estimated cost of preparing and publishing a supplement of this 
size amounts to some £400. Owing to the present restricted financial 
resources of the Council, it was obvious that publication would be delayed 
for a considerable time if the Council bore the whole of the cost involved 
as it did in the case of the main Catalo^e. Under the circumstances 
it was decided to approach various scientific organizations such as 
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Universities, Eoyal Societies, the Australian National Eesearch Council, 
the Australian Association for the Advancement of Science, the Aus> 
tralian Chemical Institute, the Institution of Engineers, Australia, the 
British Medical Association, Chambers of Manufactures, the Institution 
of Architects, the larger Public Libraries, Field Naturalists Societies, 
and the Australian Museum, for contributions. 

The response has been very gratifying and already some £250 has 
been promised with a few further answers yet to come. It has accord¬ 
ingly been decided to proceed with the editing and publication of the 
supplement in question as soon as possible. 

Copies of the main Catalogue (price 10s.) are still available on 
application to the Council or to Messrs. Angus and Robertson, Sydney. 


Recent Publications of the Council. 

1. Since the last issue of this Journal, the following Bulletins and 
Pamphlets of the Council have been published:— 

Bulletin No. 71.—^^Investigations on Irrigated Pastures.’’ 

1. The Yield and Botanical Composition of an Irrigated Perma¬ 

nent Pasture under Various Systems of Pasture Manage¬ 
ment, by A. E. Y. Richardson, M.A., D.Sc. 

2. The Chemical Composition of Irrigated Pastures at Wood’s 

Point, South Australia, by H. P. C. Gallus, B.Sc. 

The bulletin contains two reports of work on mineral deficiencies in 
pastures carried out under the co-operative arrangement entered into by 
the Empire Marketing Board, the Council, and the Waite Agricultural 
Research Institute. The first report deals with the results of studies 
into the yield of a permanent pasture under irrigation, into the effect of 
•cutting the pasture at intervals of 28 and 56 days, and into the effect 
of fertilizers. The stock-carrying capacity of 70 acres of a permanent 
pasture sown at the same time as the experimental area and alongside 
it was 16.2 sheep per acre throughout twelve months. 

The second report deals with the chemical composition of the experi¬ 
mental irrigated pastures mainly from the point of view of their 
«nitrogen and phosphoric acid content. 

Pamphlet No. 36.—Fibre Boards: Their Uses and the Possi¬ 
bilities of their Manufacture in Australia,” (Division of 
Forest Products—Technical Paper No. 6), by R. F. 
Turnbull, B.E. 

The pamphlet discusses the results of a study that has been made by 
Mr. Turnbull into the possibilities of using Australian hardwoods for 
the manufacture of fibre boards and the economic possibilities of the 
industry in Australia. A description is given of the various types of 
fibre board in common use in other parts of the world; a history of the 
:growth of the industry is also included. It is shown that the present 
consumption of such material in Australia, is about 9,000,000 sq. ft. or 
1.4 sq. ft. per head of population as compared with a corresponding figure 
•of 7.5 per head for the United States of America. From these figures it is^ 
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judged that the Australian demand could no doubt be stimulated con¬ 
siderably. A plant suitable for Australia is described, and the estimated 
cost for an annual production of 27,000,000 square feet is given as lOs. 
^d. per 100, the corresponding figures for annual productions of 9,000,000 
square feet and 6,000,000 square feet being 14s. 9d. and 21s. respectively. 
The conclusion is arrived at that if by the establishment of a sufficiently 
large plant, production costs are kept low, the enterprise would warrant 
every encouragement. 


Forthcoming Publications of the Council. 

At the present time the following future publications of the Council 
lire in the press:— 

Bulletin No. .—“A Soil Survey of the Nyah, Tresco, Tresco- 

West, Kangaroo Lake (Victoria) and Goodnight (New South 
Wales) Settlements,” by J. K. Taylor, B.A., M.Sc., F. Penman, 
M.Sc., T. J. Marshall, B.Sc. (Agr.), and G. W. Leeper, M.Sc. 

Bulletin No. .—Varieties of Wheat in Australia—A Catalogue 

with Pedigree or Source and a Genealogical Chart showing the 
Eelationship of the more Important Varieties,” by J. E. A. 
McMillan, M.Sc. 

Pamphlet No. 37 of the Council for Scientific and Industrial Ee- 
search and Science Bulletin No. 40 of the New South Wales 
Department of Agriculture. The Sheep Blowfly Pest in Aus¬ 
tralia.” Eeport No. 1 by the Joint BloAvfly Committee (ap¬ 
pointed by the Council for Scientific and Industrial Eesearch 
and the New South Wales Department of Agriculture). 
Editors E. J. Tillyard, M.A., D.Sc., F.E.S., and H. E. Seddon, 
D.V.Sc. 


U.J. Orffti. 

(iOV(. Primer, M^lbourtu, 
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Viticultural Investigations—Commonwealth 
Research Station, Merbein. 

I. Introduction. 

At the present time, Australia is the third most important country from 
the point of view of the production of dried vine fruits, and in addition is 
the largest supplier of such fruit to the markets of Great Britain. Her 
annual production now normally varies from 60,000 to 65,000 tons, this 
amount corresponding to a total return of over £2,CX)0,000 per annum. It 
has been estimated that some 40,000 people are dependent on the industry, 
and that 7,000 of them are directly engaged in production, either as growers 
or employees. 

Of the total Australian production, it is necessary to export approximately 
80 per cent., or roughly 50,000 tons per annum. The export trade is thus of out¬ 
standing importance to the Australian grower. Even in the early days of 
the industry, that is, immediately subsequent to the war, the competition 
in outside markets by such countries as the United States of America, Persia, 
Greece, Turkey, &c., was sufficiently strong to impress on the industry the 
urgent necessity for the use of efficient methods of growing the grapes, of 
drying, dipping, grading them, &c., and for the rapid improvement of such 
methods through scientific research. The present Commonwealth Research 
Station, Merbein, is largely the result of that realization. In fact, for a 
year or so the Station was financed entirely, and in subsequent years to a 
very considerable extent, by the industry. 

2. Early History of Organization and Finance of Station. 

At a large meeting of Mildura and neighbouring district growers which 
met on 1st December, 1917, the following resolution was unanimously agreed 
to:— 

‘ ‘ That a Committee of practical growers, with the Principal of the High School 
as Secretary and the agricultural representative as member, be appointed to inquire 
into the causes and treatment of black spot, and other vine diseases, with power to 
take such steps as they deem necessary to wipe out these diseases, and to authorize 
expenditure, if necessary, to the extent of Is. per ton (dried weight) on the 1918 
season vine fruits—such fee to be collected from the packing houses on the Ist of 
May, 1918, and if not immediately needed, to be held in War Loan Bonds, as a 
future fighting fund in the interests of the dried fruits industry of Mildura and 
Merbein districts—and that the Committee take prompt steps to inquire into all 
available evidence, so that experiments may begin at once.” 
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The Committee referred to in the resolution was formed immediately, 
and for some years it was known as the Mildura and District Research 
Committee. Late in 1920, however, it was replaced by the Vineyards Pro¬ 
tection Board, which was a body that was legally constituted under the 
Mildura Vineyards Protection Act No. 2959 (Victoria) with power to rate 
vineyards up to 28. 6d. per acre. The primary objects of the Board were 

(i) to police the entry of plants and fruit which could possibly introduce 
additional pests and diseases into the isolated settlement of Mildura, and 

(ii) to carry out research work. 

At its first meeting, the above Research Committee appointed Mr. A. V. 
Lyon, then of the Mildura High School staff, to act as its investigator. 
Mr. Lyon has been in charge of the investigations ever since, and is now 
OflScer in Charge of the Commonwealth Research Station, Mcrbein, where 
they are centred. The Victorian State Rivers and Water Supply Com¬ 
mission was immediately sympathetic to the objects of the Committee, and 
provided an area of some 60 acres free of rent for the purpose of the work. 
It also provided irrigation water tree of cost for some years, and subsequently 
at half rate. Since 1932, all water rates have t)een remitted. At the time 
of the formation of the Research Committee, and for several years after¬ 
wards, a sum of £200 was also made available as rent from the Mildura High 
School “ CoUege lands.** 

In the year 1918, the above Committee approached the predecessor of 
+hc Council for Scientific and Industrial Research, namely, the Advisory 
(^uuncil of Science and Industry, with a request for financial assistance. 
As a result, it was eventually arranged that, as from the beginning of the 
year 1919, the Advisory Council would contribute on the basis of 10s. for 
every £1 subscribed locally up to a maximum subsidy of £750 per annum. 
This agreement was conditional among other things on the minimum average 
amount being subscribed by the vignerons being £1,000 per annum and on 
the results being made public by the Council so that all the States of the 
Commonwealth and not only one State might be benefited. The work 
]>roceeded on this basis for five years, and in 1924, the immediate predecessor 
of the Council and tlie successor of the Advisory Council, namely, llie 
Institute of Science and Industry, published a Bulletin (No. 28) com})iled 
by Mr. Lyon and entitled “ Problems of the Viticultural Industry.** Tins 
])ublication gave most of the results obtained to that date. 

During the years 1925 and 1926, the Vineyards Protection Board received 
a grant of £750 per annum from the Victorian Department of Agriculture. 
At that time too it began to derive a return of about £600 per annum from 
the sale of produce, all of which return was devoted to the experimental 
work. In 1926, however, realizing that with the growth of additional 
settlements, protection of one portion alone would be ineffective, and that 
it was inequitable to rate growers of the Mildura district only, when the 
work of the Station was of value to a much wider circle, the Board applied 
for a repeal of the Act under which it was constituted. Accordingly a new 
district, including all settlements producing dried fruits along the Murray 
River in the States of New South Wales and Victoria, was proclaimed, and 
the necessary inspectional work undertaken by the two States concerned. 

Having previously assigned all its assets, including planted land, buildings 
and equipment of the Research Station, to the Council for Scientific and 
Industrial Research, the Vineyards Protection Board finally ceased to function 
in 1930 on the repeal of its Act by the Victorian Government. 
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3. Subsequent Organization and Finance. 

In anticipation of the cessation of its activities, the Mildnia Vineyards 
Protection Board suggested in 1927 that the Council for Scientific and 
Industrial Research should take over the Station. This was arranged shortly 
after, and since 1927 the Station has been controlled and financed by the 
Council. The load, however, has been considerably lightened by the pre¬ 
viously mentioned co-operation of the Victorian State Rivers and Water 
Supply Commission, by the Australian Dried Fruits Control Board, which 
in 19^ agreed to contribute £1,000 per annum for two years, and by the 
assistance afforded in funds and service by a number of growers’ organizations 
scattered throughout the whole of the irrigation districts along the Murray 
River. 

Subsequent to the taking over of the Station by the Council, it was 
considered that the work would be helped if the advice and assistance of 
the Divisions of Soils and of Plant Industry could be made available at all 
times, and if these bodies assisted in the initiation and conduct of those 
experiments at the Station which lay in their special fields. Such a condition 
of affcirs has now been brought about through a Committee of Control which 
has been set up in connexion with the work of the Station, and of whicli 
the present personnel is :— 

Dr. B. T. Dickson, Chief, Division of Plant Industry. 

Professor J. A. Prescott, Chief, Division of Soil Research. 

F. K. Watson, Esq., Water Conservation and Irrigation Commission, 
Grifiith, New South Wales. 

In addition, an Advisory Committee, consisting of representatives of the 
State Rivers and Water Supply Commission, of packers, and of local growers, 
has been set up in order to secure close co-operation between the Council 
and the respective bodies, and also in order to maintain local interest in the 
investigations. The present personnel of this Committee is :— 

D. C. Winterbottom, Esq., Mildura Packers Association (Chairman), 

S. P. Bromfield, Esq., State Rivers and Water Supply Commission, 
Victoria. 

F. K. Watson, Esq., Water Conservation and Irrigation Commission, 
New South Wales. 

A. Lever, Esq., Merbein fruitgrowers. 

J. A. Lochhead, Esq., Mildura fruitgrowers. 

A. E. Cameron, Esq., Red Cliffs fruitgrowers. 

A. V. Lyon, Esq., Commonwealth Research Station, Merbein. 

Periodically, the Advisory Committee meets a similar body of the Com¬ 
monwealth Research Station, Griffith, New South Wales, in joint conference 
at either Merbein or Griffith for discussion of the investigations being carried 
out at both Stations and to raise any additional problems that may bo 
considered as urgentlj* requiring solution. State and Commonwealth officers 
engaged on similar work attend these joint meetings when opportunity is 
afforded to discuss the status and plans of related investigations, and to see 
the work of the Station at which the meeting is held. 
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4. Lay-out and Staff of the Station. 

(i) Lay-oiU .—The Station is situated in the southern portion of the 
Merbein settlement, on the Murray Valley highway from Mildura to Adelaide. 
It is 4 miles from the Merbein township and 9 from Mildura. The land is 
of relatively low quality, and for this n^ason was originally excised from 
the soldier settlement blocks. It is Crown land, vested in Trustees appointed 
by the State Kivers and Water Supply Commission. 

Prior to planting the area, a map of the original vegetation distribution 
was prepared, and this has served as a useful guide to soil conditions pending 
a more complete soil survey of the Station. There was a good natural slope 
for irrigation purposes, and no preliminary contouring or grading was 
necessary for laying out the plots. No special surface drainage is installed, 
but underground drainage to the extent of two timbered shafts each 4 feet 
by 2 feet in section, 60 feet or more deep, and penetrating to the porous 
layers have been provided. From these shafts, drives have been put out 
into the porous layers to a distance of 10 feet. 

At the present time, and exclusive of the newly-planted salt field, about 
16 acres are planted approximately as follows :— 

8 acres Sultanas, 6 acres Zante Currants, 1 acre Gordo Blanco, and 
1 acre Miscellaneous, including phylloxera resistant stock. 

During planting, the necessary provision was made for replications, 
standard checks, and buffer rows of vines to overcome the overlapping 
influence of adjacent plots. Irrigation water enters at the north-east corner 
after being pumped from the river for the whole settlement. Whilst the 
farm was designed for investigational work, it has been developed as much 
as possible on commercial lines, and a good annual crop is now obtained. 

During the last two years or so, another field of 17 acres has been planted 
in order to obtain accurate data regarding the salting of irrigation blocks— 
a problem which has become all too evident throughout closer settlements 
of the Murray. Before planting this field, it was botanically surveyed in 
the virgin state, and a survey of the original salt ’content of the soil was 
also carried out (see this Journal, 4 : 12, 1931). As a result, it was established 
tliat the distribution of salt both laterally and vertically was far from 
uniform. 

The older vineyard is now being used for viticultural, irrigation, and 
drainage studies, while the newer portion is almost wholly reserved for the 
study of salt distribution in relation to the virgin state, and to changes 
consequent on irrigation, drainage, and the growth of vines and cover crops. 

(ii) Staff. —As at present organized, the staff of the Station is as follows :— 

(а) Scientijlc — 

A. V. Lyon, M.Agr.Sc., Officer in Charge. 

J. E. Thomas, B.Sc., B.Agr.Sc., B.V.Sc., Agricultural Officer. 

D. V. Walters, B.Agr.Sc., Technical Assistant. 

(б) Other — 

J. E. Giles, General Assistant. 

T. Corrie, Farm Foreman. 

J. A. Kennedy, Farm Labourer. 

Casual employees as required. 

As will be seen from Section 6, however, it is hoped to augment this 
staff somewhat in the near future. 
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5. Work of the Station. 

The main lines of investigations originally laid down in the days of the 
Mildura District Research Committee are still being followed up to-day, 
but naturally, as the work has progressed, other avenues of useful work 
have become apparent and other problems have also become urgent. The 
programme has thus grown considerably since the original fields were planted. 

The present work of the Station may be discussed under the following 
headings:— 

(i) Fruit Processing .—The work of the Station on the processing of dried 
fruits has proceeded for several years. The necessity for it arose through 
the original unsuitability of the Australian product for overseas markets. 
The caustic soda dip in former use resulted in dark coloured sultanas and 
raisins, whereas a light colour, similar to that of the products of the Levant, 
was favoured on the London market. 

The investigation initially consisted of a study of Greek methods of cold 
dipping in a solution of potassium carbonate to which an olive oil emulsion 
is added, and the necessary modifications for shaded rack drying as practised 
in Australia as compared with exposure to the sun on trays, for which the 
Greek method is devised. A satisfactory procedure was evolved and recom¬ 
mended to growers. 

The product from the cold dip ’’ proved satisfactory, but the slow 
drying rate, in relation to rack space, was found to be a disadvantage. 
With an improvement in prices in recent years, additional rack space is 
being provided by growers, and the present position is that the quantity of 
fruit cold dipped is steadily increasing, ami the product on the whole is 
giving the best returns. The Australian Dried Fruits Association has 
recognized this fact, and is making provision to include the procedure for 
cold dipping in the standard recommendations. 

The mixed dip,” designed to give a colour approaching that of the 
cold dip, but with a quicker drying rate, is now used for the major portion 
of the dried fruit in Australia. Over 90 per cent, of the fruit produced in 
South Australia is so treated. Gornpared with the cold dip, it is applicable 
to a greater rang(» of conditions and diversity of seasons. The mixed dip 
was evolved at the Merbein Station, and as far as is known is used only in 
Australia. The experimental data on which the recommendations were 
based have not yet been published, being preceded by a pamphlet describing 
the preparations and their use. This pamphlet was prepared by Mr. A. V. 
Lyon and issued by the Australian Dried Fruits Association in 1932. The 
cold dip has been described in the Councirs Pamphlet No. 6, issued in 1928. 

(ii) Irrigation Experiments .—These are of two types— 

(а) A study of the soil moisture changes occurring at Renmark and 

Merbein, and the “ consumptive ” capacity of the soil-plant 
group on representative soil types. 

(б) A study of the method and frequency of application of irrigation 

water with respect to soil type. This work is also carried out 
at several settlements. A report containing suggestions for 
somewhat modified practices throughout the irrigation settle¬ 
ments has already been published as the Councirs Pamphlet 
No. 26. Throughout these various settlements, the periodicity 
of irrigation is arranged by local advisory boards who thus 
have the power of saying w’hen an irrigation will commence in 
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any district and roughly in what order the individual settlera 
will he watered. The method of irrigation of a particular 
block, however, is imder the control of the block-holder. It 
has been established that in the past rather too much water 
has been applied to blocks, and also that the block-holders’ 
methods of application have been unsatisfactory. Such con¬ 
ditions can often seriously damage the land by water-logging, 
sometimes associated with salting, resulting in whole or partial 
unproductivity of affected portions. 


(iii) Saltirty of Irrigated Soils ,—The work under this heading is mainly 
carried out in the new salt field already mentioned. It is fundamental and 
long dated, but it is designed to ascertain the conditions under which “ salt ” 
ahows in a vineyard irrigated in the usual way, and also to obtain information 
on which preventative and remedial measures for salted blocks throughout 
the irrigated settlements as a whole may be based. The work is associated 
with the methods of irrigation, the rate, quantity, and frequency of applica¬ 
tion, and agricultural drainage in relation to soil profile. 


(iv) VUicuUural Studies ,—^Work of this nature has been carried out since 
the earliest days of the Station, and included an examination of the methods 
followed in establishing a vineyard in irrigated soils. This was of special 
importance during the development of the soldier settlements. Viticultural 
studies now include the following ;— 

(a) The methods of pruning so as to permit of a satisfactory quantity 
of fruit of good quality, and a balance of growth to ensure 
the potential crop for the following year. This study is carried 
out in relation to soil type and general environment, and 
embraces a comparison between potential and actual yield. 

(h) A study of the balance of fruit and annual vegetative growth. 
This question is being reviewed, as results recently obtained 
by Winkler in California indicate an advantage in light pruning 
accompanied by bunch removal, a practice which gives an 
increase in foliage in relation to the number of bunches, in 
comparison with present methods by which bunches and foliage 
are removed proportionally in pruning. 

(r) The extent to which yields may be influenced by shortening the 
shoots by “ tipping ” and “ topping,” practices which have 
been shown to influence bud development. 

(d) The effect of disbudding in early spring of adventitious shoots on 

spur-bearing varieties. An influence on the quality of the 
fruit has been established, and the study has been extended 
to an investigation of the relation of the size of the bunch to 
the individual shoot on which it is borne. 

(e) On very old vineyards where yields are unsatisfactory, the re¬ 

habilitation or reconditioning of the vines is being studied 
and the variability of yield noted with a view to determining 
methods by which yields may be increased and made more 
uniform. 
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if) A study of some of the seasonal operations afiecting the setting 
of fruit. The practices of **cincturing” and “topping*' are 
known to influence setting, and the effects are being stuaied in 
detail. The results of sulphuring at flowering time are also 
being observed. 

(v) Botanical Studies—Boots and Bud Differential ion .—A study of the 
normal feeding habits of the sultana has already been carried out and the 
results published*. The bud studies form part of a scheme of work in 
co-operation with the Division of Plant Industry whereby it is hoped to 
ascertain the relations between growth and fruit bud differentiation in 
order to be able to carry out manurial and pruning practices conducive to 
the best yield of best quality fruit. It is fundamental and long dated work. 
The results obtained to date were published last yearf and show that the 
basal buds are differentiated by about the 12th November, whilst those of 
the sixteenth node are differentiated by the 11th December, that is, fifteen 
months and sixteen months respectively before the fruit corresponding to 
the buds is finally mature. 

(vi) Manurial Experiments .—Work of this nature is carried out mainly 
on plots that have been established at Renmark and Red Cliffs. The plots 
have been laid out on the Latin square basis to determine the relative effects 
of no manure, superphosphate, ammonium sulphate, and superphosphate 
plus ammonium sulphate on growth and yield. This field is proving very 
useful in the development of the technique for yield measurement, which 
includes a record of the performances of the individual buds on fruiting 
wood. 


6. Extension oi Work to Other Districts. 

A feature of the Station’s work of recent years has been the ever increasing 
demand for the results of the Station’s investigations and for the necessary 
testing work before they are applied to the local conditions of the other dried 
fruits settlements. As an example, the case of Woorinen might be quoted. 
In this district, maturity is from a w^eek to ten days later than Mildura, and 
troubles thus arise owing to unsatisfactory climatic conditions at the end of 
the drying period. It is believed that the effects of this lag might be over¬ 
come by the adoption of slightly different cultural methods and by different 
irrigation methods whereby maturity is hastened. Experimental work on 
the matter, however, is needed, and plans for its initiation are now under 
consideration. 

This work in other districts and the more rapid development of the 
investigations at the Station itself cannot be financed from the funds which 
the Council can provide, and the work must perforce wait until the necessary 
finance is forthcoming. Nevertheless, there is reason to hope that con¬ 
tributions will be forthcoming in the near future, and that it will thus be 
possible to make the necessary small addition to the present staff. 

7. Co-operation with State Departments and Primary Producers* 

Organizations. 

(i) Processing of Dried Fruits ,—An important feature of all investigations 
involving recommendations to producers is the standardization of those 


* This Journal 5: 88, 1082. 
t This Journal 8: o7, 1082. 
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recommendations. For this phase of the work, the Council has, in co¬ 
operation with the other organizations concerned, formed the Interstate 
Fruit Processing Committee, the personnel of which is as follows :— 

A. V. Lyon, Esq., M.Agr.Sc., Coimcil for Scientific and Industrial 
Eesearch (Oiairrmn). 

W, K. Jewell, Esq., M.Sc., F.I.C., Agricultural Research Chemist, 
Department of Agriculture, Victoria (Secretary). 

Geo. Quinn, Esq., Chief Horticultural Instructor, Department of 
Agriculture, South Australia. 

C. G. Savage, Esq., Director of Fruit Culture, Department of Agri¬ 
culture, New South Wales. 

F. de Castella, Esq., Viticulturist, Department of Agriculture, Victoria. 

This Committee has arranged for the initiation of urgent investigations, 
by State and Commonwealth authorities, and for issue of joint recommenda¬ 
tions to producers on a Commonwealth basis. The Committee recognizes 
that standardization of recommendations is a necessary prelude to standard¬ 
ization of the products on an Australian basis, and has already taken the 
necessary action in regard to dried grapes, apricots, peaches, and prunes. 

(ii) Irrigation Problems .—A very close co-operation is maintained with 
the irrigation districts in Victoria, the Merbein Station being represented 
on the Local Advisory Boards for irrigation. Similar action is being taken 
in the principal Murray River Settlements in South Australia and New South 
Wales where the irrigation and agricultural officers of State Departments 
co-operate in both investigational and advisqry work. There is a verj 
general r(‘cognition of the importance of proceeding with investigations of 
irrigation problems, and it is recognized that econoin}' and efficiency in 
water distribution are accompanied b> better annual yields and preservation 
of the capital value of the land. The basis of co-operation in South Australia 
may ])e illustrated by a motion passed in August, 1932, at a special Conference 
at Berri, convened by the South Australian Director of Lands, when it w^as 
resolved—“ That it be a recommendation from the Conference that the 
Council for Scientific and Industrial Research, the Agricultural Department, 
and the Department of Lands (of South Australia) confer regarding improved 
methods of irrigation and the establisliment of investigational and demon- 
strational plots on the more difficult soil types of the various irrigation 
areas.’’ 

The suggested action has been taken, and the investigations were com¬ 
menced on a co-operative basis in January, 1933. 

(iii) Non-Irrigated Vines in South Australia .—^Action to initiate investi¬ 
gations was taken by the State Dried Fruits Board of South Australia, it 
being recognized that both yield and quality of fruit were unsatisfactory in 
these areas. Investigational plots have been established, and a supervising 
Committee appointed by the State Board. The Committee consists of the 
following members:— 

J. Victorsen, Esq., South Australian Dried Fruit Board. 

W. N. Twiss, Esq., South Australian Dried Fruit Board (Secretary). 

A. V. Lyon, Esq., Council for Scientific and Industrial Research. 

Geo. Quinn, Esq., Department of Agriculture, South Australia (ex 
officio). 
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The investigations ere carried out by the Department of Agriculture 
assisted, as opportunity offers, by members of the steff of the Merbein Station. 
A very pleasing feature of this movement is the co-operation of the settlers, 
who have formed local committees to assist in carrying out the investigations 
and in supplying funds for the work on the plots. 

(iv) The Nyah-Woorinen Research Committee ,—Growers in the settlements 
of Nyah and Woorinen have been largely responsible for the establishment 
of this Committee, the personnel of which includes representatives of C.S.I.R., 
the Victorian Department of Agriculture, the Victorian State Rivers and 
Water Supply Commission, and the settlers. With the assistance of the 
Committee, irrigation investigations are carried out conjointly by the Council 
(C.S.I.R.) and the Victorian Department of Agriculture, and the viticultural 
investigations by the Council. 

(v) General .—The four principal co-operative efforts in which the Merbein 
Station is concerned have been cited above. An important feature is the 
provision to prevent overlapping of investigations and the opportunity for 
contact for officers engaged on similar work. 


8. Economic Value of the Station’s Work. 

The assessment of the value of the Station’s investigations is difficult 
owing to changing conditions of markets and world conditions. There is no 
doubt, however, that it is very considerable and that it represents an accept¬ 
able national dividend. An indication ot the financial value of the whole 
co-operative efforts of those concerned may be obtained from the following 
paragraphs which briefly summarize the more outstanding results that have 
been obtained :— 

(i) Since the commencement of work twenty years ago, the average 

yield of dried fruits per acre has doubled. 

(ii) A successful export trade has been established, the quality of 

the dried fruit being so improved that successful competition 
with other countries in the principal world’s markets is being 
maintained. 

(iii) The cash value of the improvement in quality of the dried 

product, in comparison with that obtained by former methods, 
is obtainable for the transition period. Thus, in 1930, of the 
total ])ack of 73,000 tons, over 40,000 tons were processed by 
improved methods evolved at the Station. Trade returns 
showed an increased value in competitive markets at the same 
period, of over £5 per ton, of fruit treated with improved 
methods as compared with former methods. Thus the im¬ 
proved methods returned in the one year an advance of 
£200,000 to the industry. Since then, the improvement in 
quality has been maintained, and the newer methods have 
extended to additional districts. 

(iv) The annual rateable value of the water supplied in the Mildura 

district alone is now approximately £100,000 per annum. 
Decreased costs in supplying this water, accompanied by more 
efficient production ot dried fruits and a decided slackening in 
the rate of depreciation of the irrigated lands, are features of 
the operations of recent years. 
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Further Observations on the Association of Mallee 
Scrub with Frosts. 

By E. S. West* B.Sc.. MS. 

Summary. 

Data obtained since the mallee scrub has been cleared on the Murrumbidgec 
Irrigation Areas confirm the conclusion of a previous report that mallee scrub 
causes lower temperatures to be experienced on calm, clear nights in and 
near the scrub, than in open country. 


1. latroductioa. 

At two localities on the Murrumbidgee Irrigation Areas, one in the 
Yeiida district and one in the northern portion of the Lake View 
district, nnusually severe frosts have caused considerable damage from 
time to time. So serious have been these frosts that at Yenda, plantings 
of citrus have been replanted to other varieties, while at Lake View 
the area was abandoned altogetlier for horticultural purposes, and the 
few men who had endeavoured to establish orchards there sought farms 
in more favoured localities. 

The proximity of uncleared mallee scrub at both localities suggested 
the possibility that this may in some way be the cause of the unusual 
frosts experienced. Observations made by exposing minimum thermo¬ 
meters within the mallee, near the mallee, and some distance from the 
mallee, showed that consistently, and regardless of the surface contours, 
the minimum temperatures on calm, clear nights became lower as the 
malice scrub was approached. Observations were made on four distinct, 
widely separated belts of mallee, and on several sides of each belt, with 
the same results. 

These results were summarized in a previous paper,f in which it was 
concluded that mallee scrub had an important influence in causing severe 
frosts. Since that time, some of the mallee in which these investigations 
were carried out has been cleared, and an opportunity was thus afforded 
of confirming, or otherwise, the conclusions previously drawn, by 
observing the effect of the removal of the scrub on the minimum tempera¬ 
tures. 


2 . Field Observations. 

After portion of the mallee had been cleared, thermometers were set 
up in eighteen positions in which minimum temperaures had previously 
been recorded, sites being selected where the scrub still remained, where 
it had recently been cleared, and where none of it occurred. It was 
found that where the mallee still remained, the minimum temperatures 
were lower than in the open country, but where it had been cleared, 
the minimum temperatures were higher, relatively, than they had been 
before the mallee was cleared, and were now similar to those in the 
originally open country, 

* Offlcer-ln<CbATge, Commonwealth ReBeaich Station, Griffith (N.8.W.). 
t This Jtmmal 4: 178-177, 1981. 
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A further confirmation is obtained from the data yielded by minimum 
thermometers exposed in certain localities throughout the winters of 
1930, 1931, and 1932, which were read regularly throughout the winters. 
The following table summarizes some of the results which were 
obtained:— 


station. 

Remarki. 

Mean Minimum Tern 
on Clear Nights. (Ini 

peratures 
leg. Fah.) 



1930. 

1931. 

1932. 

Research Station .. 

10 miles from mallee .. 

30 0 1 

300 

30*0 

Farm 1985 

Near mallee, I<ake View, mallee 
cleared 1931-1932 

24*6 j 

26-2 

27*7 

Farm 1494 

Near mallee, Yenda, mallee cleared 
after 1930 readings 

26*2 

28*6 

28*7 

Farm 1822 

3 miles from mallee, Lake View .. 

27-1 

27*8 

27*6 

Farm 1326 

2 miles from maUee, Yenda 

,, 

27*8 

27*5 

Farm 1689 

3 miles from mallee. Lake View .. 

28*9 


28*3 


To obtain the mean minimum temperatures, the mean difference 
between the minimum temperatures recorded at the station under con¬ 
sideration and at the Kesearch Station was found, and the relative 
mean minimum temperature then calculated, taking the minimum 
temperature at the Kesearch Station as 30.0° F. as a standard. Only 
readings on calm clear nights were used. 

3. Discussion of Results. 

The relative minimum temperatures of stations, other than those 
of farms 1985 and 1494, were approximately the same each year. In 
fact, this was also the case for other thermometer stations from which 
similar temperature data are available, but which are not included in 
the above table. Appropriate precautions were taken, of course, to 
expose the thermometers under reproducible and similar conditions each 
year. 

Farm 1985 is about 20 acres in extent, and during the 1930 winter 
was completely surrounded by uncleared mallee scrub. Some of this 
was cleared before the 1931 readings were taken, leaving uncleared mallee 
scrub oil one side of the farm. Before 1932, a further area was cleared, 
and bush fires killed the rest, leaving only dead timber devoid of leaves. 
It is seen that the relative minimum temperatures became progressively 
higher as more of the mallee scrub was cleared. During the 1932 winter, 
when the scrub that remained had been more or less destroyed by bush 
fires, so that its influence was probably negligible, the minimum tempera¬ 
tures were similar to those in other localities similarly situated, such as 
the stations at farms 1822 and 1589, situated at Lake View, and 
farm 1325, situated at Yenda, \vhich farms are several miles from any 
scrub. 

Mallee scrub existed adjacent to farm 1494 prior to and during 
the 1930 winter, but was cleared before the 1931 winter. It is seen 
that in this case, also, the relative minimum temperatures were increased 
after clearing the mallee scrub, so that they are now similar to those 
experienced in other similarly situated localities. 
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The clearing of the scrub had a greater influence on the station at 
farm 1985 than at farm 1494, and this is what was to be expected, 
as farm 1494 was adjacent to about 100 acres of scrub only, while in 
the case of farm 1985, the scrub was a few thousand acres in extent, 
and, moreover, it completely surrounded the farm. 

The standard error of the mean ditferences between any other 
thermometer station and that at the Research Station is 0.3 to 0.4, so 
that the differences observed, due to clearing, being from 7 to 9 times 
this standard error, are undoubtedly significant. 

A large amount of data was collected which showed that these 
‘^standard” stations actually represented the conditions of the locality. 
Thus, for each station for each year, several other thermometers were 
exposed for several nights in the locality of the standard ’’ 
station, so that it is known that these standard ’’ stations represent the 
conditions obtaining throughout the localities they represent. 

It may also be explained that the minimum temperatures at the 
Research Station represent average conditions on the Irrigation Areas, 
as made evident not only by extreme temperature observations, but also 
by long experience of severity of frost damage. Districts exist on the 
Areaa where the degree of frost is usually less than that experienced at 
the Research Station, while, as is evident from the figures of the Table, 
both the Lake View district and the Yenda district, broadly speaking, 
have slightly more severe frosts than the general average. Besides these 
generalities, as are always found, small isolated areas in hollows 
experience more severe frosts than the general average of the lo(‘ality, 
while on rises the frost is less severe. The effect of the malice, both 
at Yenda and Lake View, was superimposed on these other conditiojis. 

Since the malice was cleared at Yenda, a definite improvement has 
o(*curred with regard to the amount of frost damage experienced. In 
the ease of the Lake View locality, the clearing of the malice has entirely 
altered the agricultural outlook of the locality. Prior to the clearing 
of the mallee, young citrus orchards were almost entirely wiped out with 
frost two years in succession, and the locality was abandoned for horti- 
cidtural purposes. Since that time, two young citrus orchards liave 
been established, and withstood the severe winter of 1932, which, from 
the point of view of frost, was as severe, if not more severe, than any 
other winter experienced since records have been taken at Griffith; and 
the locality is now considered suitable for horticultural purposes. 

Apart from the evidence of the temperature readings, the changed 
conditions at Northern Lake View since the clearing of the malice are 
quite apparent to those who are familiar with the locality. Tlio severity 
of visible frosts, amount of injury to susceptible crops, freezing of taps, 
and other familiar manifestations of severe frosts, all tended to show 
that the locality was unusually subject to frost, but the conditions do 
not now appear abnormal. 
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A Possible Biological Control of the Clover 
Springtail or Lucerne Flea {Sminthurus 
viridis L.) in Western Australia. 

By H, Womersley, A,L,S, 


Mr. Woiiioralfy was ai»))<>intod to the stafT of the C'oiincil early in 19^10. 
Prior to that, he had specializecl on groups of i.niniite inseets in England, 
and before coming to Australia he siient some months as an olTicer of the 
Conneil examining—at the Biitish Museum and elsewhere—those families 
of insects of which a knowledge would be helnfnl in connexion with work 
on the clover sjiringtail and llie red-legged earth mite which it was 
proposed he should investigate in Western Australia. After spending a 
short time in South Africa, in the hope of obtaining likely parasites, he 
reached Perth latt* in 19.‘h), and vxas then atforded valuable assistance 
in the form of laboratory accommodation, &c.. by the \\’estern Australian 
Department of Agriculture and by the University of Western Australia, 
lie resigned at the end of 19112 to take up the position of Entomologist 
to the Public Library, Museum, and Art (lallery of South Australia. 
The Board of Governors of that organization has agreed to the Councirs 
suggestion that he la* permitted to continue his work on the Bdellid mites 
of Australia. He will undertake work on this group as part of his routine 
duties at the museum.— LEn. 1 


S n m mary, 

1. Jn certain areas of Western Australia, a species of Bdellid mite, BxscUuh 
lapidariUH Kramer, possibly an introduction from Europe, has made its appear¬ 
ance in paddocks infested with the clover springtail (lucerne flea), Sminthurus 
viridis L. 

2. Field observations extending over two years have shown that this mite ia 
an active predator on Smiulhurus. and reduces the population to negligible pro 
portions within a comparatively short time. 

3. Transportation to other areas has lieeu partially successful and the areas 
have been cleared of Sminthurus. 

4. As the breeding up of the mite in laige numbers does not rihmii feasible, 
specimens can best be transferred from localities where active attack is proceeding. 

The species, its immature stages, and partial life-hisory, are described and 
figured. 


I. Introduction. 

The paper that follows is an account of r(‘seai*chcs carried out in 
Western Australia during 1930-32 on the possibility of finding .some 
natural agency for the control of the clover springtail or lucerne flea ” 
{Sminthurus viridis L.). The author was working under the auspices 
of the Commonwealth Council for Scientific and Industrial Research as 
an officer of the Division of Economic Entomology, and in conjunction 
with Mr. L. J. Newman, Government Entomologist of Western Australia. 
At the outset, therefore, he would like to express his appreciation of the 
valuable help that Mr. NeA^Tuan, by his intimate knowledge of the 
pastoral conditions of the country, has been able to render, and especially 
also to thank Dr. R. J. Tillyard, Chief of the Division of Economic 
Entomology, at whose instigation he was engaged upon this problem, for 
much encouragement and advice. 
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The species of Collembola dealt with in this paper is perhaps one of 
the most important and difficult insect pests with which the State 
Entomologists of Australia have to contend. This is largely owing to 
the immense numbers in which it occurs in the paddocks, especially in 
those which have been laid down with subterranean clover. 

According to available records it has been known in South Australia 
since 1884, and in Western Australia since 1914. It is largely influenced 
by the rainfall, occurring only where this exceeds 16 inches per annum. 
Further, because of the habit of soil ingestion by the newly hatched 
nymphs and also by the adult females prior to oviposition, it is rarely 
found inhabiting sandy country. 

In addition to this species, several other species of the order are now 
known to occur in various parts of Australia in such numbers as to con¬ 
stitute potential pests at least. Some of these are probably introduc¬ 
tions, but others are indigenous and have undoubtedly increased ia 
numbers as more and more of the country has been brought under 
pasturage. From the aspect of biological control, however, we can con¬ 
sider all these species at the same time as S, viridis. 

2 . Review of Biotic Balance in Collembola. 

Economically, because of the large acreages usually infested and the 
astounding numbers of Collembola present—rough estimates have 
given at least 60,000,000 per acre—cultural and spraying methods of 
control, while partially successful, are rather of the nature of palliatives, 
and are in any case costly. On the other hand, the possibility of bio¬ 
logical control is reduced by the fact that—in spite of intensive search 
—^parasites of Collembola, either of the eggs or adults, are quite 
unknown. The only hope of permanent control would seem, therefore, 
to lie in the discovery of suitable predators. 

Many insects and spiders are known which are, to some extent, 
devourers of Collembola. In 1927, Holdaway recorded the Staphylinid 
beetle Paederus singulatus MacL. and an ant, Pheidole ampla For. as 
attacking Sminthurus viridis L., while in 1932 MacLagan listed two 
species of Coccinellidae, 7 of Staphylinidae, 1 Carabid, and 1 Telephorid 
among the Coleoptera, 1 Anthocorid^ and 1 Capsid in the Hemiptcra, 
and also the common European earwig Forficula auricularia, as more or 
less efficient predators. The same author also gave a list of eleven 
species of spiders as active feeders on Sminthurus, 

Outside of these two groups, there is no evidence of Collembola being 
attacked by any of the Arthropoda except a statement in Lubbock’s 
Monograph on the Collembola and Thysanura,” in which, speaking of 
Sminthurus viridis L., he says It is sometimes attacked by a small red 
mite.” This is, of course, a very vague statement, but, having worked 
at the Acarina for some years, the writer is of the opinion that the mite 
in question was probably the larval form of a species of Erythraeidae 
or Trombidiidae, the young of which are well known to attach themselves 
to, and feed upon, a large variety of insects. 

In considering MacLagan’s work, it must first be noted that he has 
assessed the value of the predators listed solely on the results of labora¬ 
tory tests in small vials. In appraising the value of such predators in 
the field, too much importance must not be attached to results so 
obtained. His minimum value for what he termed a “ good predator ” 
was 1.4 Sminthurus eaten per day for not fewer than 36 days in 
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captivity. The maximum figure for this class was 6.0 for F, auricularia. 
This insect^ however, as MacLagan himself pointed out, cannot be con¬ 
sidered as a possible control, as it is liable to become a pest itself. Foi 
what he termed a fairly good predator,” he obtained a value of 7.7— 
for the beetle Philonthus laminatm Creutz—on the basis of a consump¬ 
tion of not fewer than 60 eaten during captivity irrespective of time. 
By his ori^nal criterion, and leaving out the case of F, auricularia, we 
find a maximum value of 5.0 for the Capsid bug, Lygus pratensis, and 
for the total listed, an average of only 2.8. With the spiders, the results 
are much the same, the maximum value being 2.4 for a species of 
Erigone, with an average of 1.6 for all species. 

From the point of view of biological control, it can hardly be seri¬ 
ously contended that values such as these, even if borne out by field 
observations, offer any prospect of reducing the population of Smin- 
thurus in such heavily infested areas as occur in Australia. From the 
writer’s observations in England and in Australia, there is little evidence 
of effective control by any of the insects or spiders mentioned by 
MacLagan. Further, his data arc not supported by any evidence of 
relative predator and Sminfhurus populations. One must have such 
information, if only from general field observations, before it can be 
said that a certain predator exerts a control. In England, the Smin’ 
thurus population is only a fraction of that occurring in Western Aus¬ 
tralia, and, as in the former country it is scarcely considered to be a 
pest, it must be concluded that a biotic balance has probably been 
reached there. 


3. Position in Western Australia. 

In the study of this problem in W'estern Australia, it was soon 
realized that, almost everywhere where the pest occurred, the population 
was so dense as to preclude the presence of any satisfactory biological 
control. Even in such localities, however, many predators, such as those 
listed by MacLagan, were to be found in large numbers. Especially so 
were various spiders, but even these did not show any sign of control of 
the Sminthurids. In surveying the extent of the pest, it was obvious that 
the only chance of finding a suitable agent of biological control must lie 
in localities where, for some reason or other, the pest had died out or 
showed signs of doing so. 

(i) Discovery of a Predator, —Early in May, 1931, observations were 
made in a paddock at Waroona which was stated to have been badly 
infested in previous years, but w^hich was then scarcely affected. On 
examination, it was found that very few Sminthurus were present, but 
that large numbers of a small red mite belonging to the family Bdellidae 
fsnout mites) could be obtained. Further, these mites wore observed to 
be actively feeding upon the Collembola. 

(ii) Identification of the Predator, —This mite is a species of Bdel¬ 
lidae and was provisionally identified as Biscirm lapidarius Kramer, 
which is a species well known from Europe. This identification w^as 
later confirmed by Dr. Sig Thor, the eminent authority of this group 
of Bdellidae. The actual recognition of the various species of Bdellidae 
is a very difficult and technical matter; but, in a subsequent paper, the 
writer proposes to give details of all species known to occur in Australia, 
together with keys for their separation. A full description of B, lapu 
darius in its various stages wdll be found in the Appendix (page 89). ^ 
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4. Field Observations. 

(i) At Waroona, —As already mentioned, the predatory mite was 
first observed at Waroona about 70 miles south of Perth, in May, 1931. 
Aceording to information obtained from the owner, the paddock in which 
it was first found had been very badly infested with Sminihurus in pre¬ 
vious years, but was practically free at the time of advice. The author 
was able to confirm its freedom at the time of his visit. It was, how¬ 
ever, noticed that the paddock also contained a large number of Bdellid 
mites, some of which were actually feeding upon Sininilmr'us, It was 
therefore decided to keep this paddock under continuous observation, 
while specimens of the mite were taken back to Perth for identification 
and further study. In the meantime a very full inspection of the sur- 
j’ounding country was made and, although many paddocks were found 
to be very badly attacked by Sminihurm, in none of them were any 
Bdellids found. 

On 12th May the paddock was again visited, the weather being very 
cold and shoAvery. This time, very few Hminthurm were to be found, 
but the mites could be obtained in numbers by searching at the roots of 
the clovers. Seventeen days later, Sminthurii^ was practi<;ally non¬ 
existent, although the mites Avere still plentiful. On this visit, the 
adjoining paddock was examined and found to be badly attacked by 
/V, viridis, but no mites could be found. 

On 10th July botli of these paddocks were found to be practically 
free of tSminrUiunts and to contain small numbers of Bdellids. On this 
occasion, the next paddock again (the third), previously heavily in¬ 
fested by Smiyifhurus, was found to have been invaded by the mite, 
although no visible diminution in the Smiu fit urns population could be 
noticed. The mites Avere also found to liave r(*ached the corner of the 
fourth paddock. 

On 7tli August the density of the pest in tlio third paddock was 
measurably reduced, and the Bdellids had advanced some distance further 
into the fourth paddock. 

On 25th September the mito was still ])rogressing, although more 
slowly, probably due to the approach of the dry season. 

In the folloAving season, these paddocks were first visited on 27th 
April, Avhen the conditions in the first three were found to be as at the 
close of the previous season, that is, the Bdellids in fair numbers but 
Sminthurus few. In the fourth paddock, the mite had spread further 
and th(‘re was a very definite line of attack, in which the Bdellids were 
most abundant. In front of this line no mites were to be found, while 
the Sminthurus population Avas very heavy, llehind it, the Sminihurus 
had been considerably reduced. 

By 3rd June the ground had been practically cleared of the pest as 
far as about half way across the fourth paddock. A last visit was made 
on 4th November, when, with the exception of about the last quarter 
of the fourth paddock, the Sminthurus population was no longer, of eco¬ 
nomic importance. During the period of observation, the total area 
cleared in this locality was approximately 66 acres. 

(ii) Ai Denmark. —Late in September, 1931, it was found that the 
same species of mite had appeared in a badly-infested paddock at Den¬ 
mark. This particular paddock had been inspected in the previous 
year, but no sign of any control could then be discovered. 
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By 2l8t October this paddock was well populated with Biscirus, and 
the numbers of Sminihurus had considerably declined. The crop was, 
liowever, being cut and stacked as ensilage some distance away. At the 
foot of the stack, it was found that the Bdellids were becoming concen¬ 
trated in large numbers. 

On 5th July, 3932, when this paddock was again examined, it was 
found practically free of Sminthvrus, but by close examination, a few 
mites were discovered at the clover roots. On inquiry, it was ascertained 
that the ensilage had been carted since the last visit to a spot about half 
a mile away and adjoining another heavily infested paddock. During 
the previous year, this had also been found free of any Bdellid or other 
control. On this latter occasion, however, it was found that the mites 
had reached it, evidently’’ from the ensilage placed close by, for they 
were in large numbers in the corner nearest to it. There was, however, 
no apparent reduction in the Smirdhurm population, but no fewer than 
20-30 Bdellids could be taken in one sweep of the net. 

These paddocks were again visited, in company with Dr. R. J. Till- 
yard, on 28th September, 1932, when the first was found to be still free 
of Smiidhiirus, while in the second the Bdellids had spread consid(*rably, 
both within the paddock and to surrounding areas. The numbers of 
^^minthvrus were also being very definitely reduced. 

(iii) At Other Places ,—Tn several places, notably Burekup and 
Caunington, similar conditions have been found to exist, and from all 
such places the farmers report the pest as now being of no importance. 
Wherever the Smirdhnrvs population is found to be very large or on the 
increase, no Bdellids are present, except odd specimens of species other 
than B, lapiclarius. 


5. Attempts at Spreading Predator. 

Owing to the difiiculties attending the breeding up of these predatory 
mites in large numbers, attention Avas concentrated on spreading in the 
field. Specimens were best and most easily collected in sufficient num¬ 
bers by examining tlie bits of curly bark that had fallen from the trees 
in the paddocks. I'hcse form ideal sheltering places, and the mites can 
generally be found under them in large numbers. Local spreading of 
the creatures will probably be accomplished best by transferring these 
pieces of bark, with the mites attached to them, where required. 
Although transportation over long distances has not yet been attempted, 
the scrapings from the base of an ensilage stack are suggested as a suit¬ 
able medium. 

Late in the season of 1931, about a dozen specimens of B, lapidarius 
from Waroona Avere liberated in the paddock adjoining the Insectary at 
Perth. No 8, viridis were present in this paddock, but it was heavily 
populated with another species, Katianna ornata Womersley. By the 
beginning of the next season, the mites had increased tremendously and 
could be collected in hundreds. At the same time, the Katianna had 
decreased and had actually become scarce. Later, the mites themselves, 
as their food supply became scanty, also decreased Avithin the paddock, 
but they were found to have migrated to surrounding areas. 

Three attempts were made to introduce the Bdellid into a badly 
infested paddock at Guildford. The first two attempts Avere apparently 
unsuccessful but the third, made towards the end of the 1932 season, 
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was more promising. A month or two after liberation, out of 60 speci¬ 
mens liberated no fewer than 26 were recovered, although no reduction 
of the Sminthurm population was then apparent. The success or other¬ 
wise of this experiment will bo assessable during the next season. 

Introductions were also made at Muresk Agricultural College and at 
the State Farm at Denmark. All these introductions were made on 
locations where previous search had failed to show the presence of any 
Bdellids. This next season should show the results of these experiments. 


6. Biology of Biscirus lapiiarius. 

Time has not permitted a very full study of this mite to be made, but 
the following details of its life-history have been determined. 

The eggs are laid on the ground or on the decayed plant fibres lying 
on the ground. Owing to their coloration and small size, they are very 
difficult to find in the field. The duration of the egg stage has not been 
ascertained. It is probable that aestivation takes place. 

The larval stage is probably a very short one, for only rarely does one 
find larvae in the field. 

An interesting feature of this mite is that at certain periods it 
exhibits a partial gregariousness, specimens of all sizes collecting together 
under any bits of bark or similar material lying about. Frequently, 
they are to be found under the webs of spiders or Psocids. During this 
phase, they lie dormant, either preceding, or after passing througn, an 
eedysis. The period of dormancy may last for several days. The rest¬ 
ing mites are rather lighter in colour, as compared with the active ones, 
and their legs and palpi are entirely white, in marked contrast to the 
body colour. 

The adults are voracious feeders on various small Collembola, but 
show a very decided preference for Sminthvrxis viridis. They have also 
been observed to attack Psocids and other small insects. The prey is 
stabbed by the mite with its mandibles, generally in the neck or ventral 
region. In attack, it has been noted that the mandibles work alternately 
in the process of piercing the victim. Once the mandibles have been 
inserted, the victim is suclced dry. 

Preference is shown for the nymphs of Sminthurus, although adults 
are also largely eaten. The mite does not, however, seem to be able to 
impale the adults quite as successfully as it does the nymphs, probably 
because of their greater agility. 

The nymphs are easily captured, and in preliminary experiments it 
has been found that a single Biscirus devoured 18 nymphs in 24 hours on 
three successive days. This was the total number of nymphs available 
each day, but without doubt had more been supplied they would have 
been devoured. 


7. Conclusion. 

In concluding this preliminary account, it may be remarked that this 
is the first example of the use of any member of the Acarina for bio¬ 
logical control. Acarina, and arachnids also, providing suitable species 
can be found, possess a great advantage over the majority of insect 
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predators, in that feeding takes place throughout their life, whereas other 
insect predators usually have a pupal or other resting stage. On the other 
hand, they are generally anything hut specific in their food require¬ 
ments. Species suitable for biological control, if not specific in theii’ 
food, should be largely so, and be capable of feeding upon other material 
only during times of shortage of their normal diet. This will permit the 
retention of a nucleus should a recrudescence of a pest occur, after it 
has once been cleaned up. The species Biscirus lapidarius appears to 
meet these requirements. On occasions it has been seen to tackle various 
small Collembola as well as Psocids, which are always to be found in the 


In Western Australia, many other species of Bdellidae are now 
known to occur; all of these are predatory and have been observed to 
attack Sminthurus and other Collembola. Nowhere, however, have they 
been found in the numbers sufiicient to suggest that thej are material 
controls. Nevertheless, it is possible that they may multiply sufficiently 
under suitable conditions. The possibility of biological control, not only 
by this group but also by other groups of predatory Acarina, might 
thus well repay careful study. 
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Appendix. 

Description of the Adults and Early Stages of Biscirus lapidarius Kramer. 

(i) Egg ^tate, (Fig. 12.) 

The eggs are small, slightly elliptical, of a brownish colour, and covered with 
long, somewhat gelatinous, and clavate or spathulate spines. In general they are 
similar to those flgured by Tragdrdh for another species, Molgi^ littoralis. 
They measure 260 y by 200 g. 

(ii) Larval Stage, (Figs. 8-11.) 

This stage has not been previously described for this sj^ecies of Biscirus, 
Probably the reason is that the duration of the larval stage is very short. On 
several occasions, however, the writer has met with the larvae and the following 
description can be given:— 

Length 420 y. Colour as in adults but a little lighter. Rostrum 100 ft long, 
with only 2 pairs of ventral hairs. Mandibles 100 p long with two long hairs on 
each as in the adults. Three pairs of short, thick legs (Fig. 8); from a com¬ 
parison of the positions of the legs, it would appear &at the third pair of the 
adult is interpolated between the second and tnird pairs of the larva. Palpi 
short, 140 g, ratio of lengths of segments II : III : IV : V = 60 : 17 : 17 : 48, 
hairs on these segments 1 : 1 : 3 : 7 res^ctively, apical setae of fifth segment 
67 M long and as in adults. Body setae dinering from the adults only, in that the 
second row from the front has 2 instead of 4. Eyes 2 on each side, placed on a 
level with the base of the second pair of legs. 
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(iii) Nymphal Stage, 

Except for the absence of the genital organs, the nymphs exhibit no essential 
difTereiicc from the adults. 

(iv) Adult Male and Female (Figs. 1-7). 

As the Australian material agrees entirely with the descriptions given by Dr 
Sig Thor, his description is translated here. 

“Form, colour, and cuticle as usual. Rostrum about 30 ft, long; ventrally 
with 6 pairs of hairs. Mandibles with 2 long, well developed hairs; the distal 
hair quite in the middle (156 m from the distal end of a 345 u mandible), 
the proximal 110 /a from the distal hair; length of distal hair 120 fiy proximal 
108 /i. The proportions of the segnients of a 435 fi palp = I:II:1II:IV:V 
= 24 /u : 180 fi : 43 fi : 4H fi : 154 m- The second segment has 5 hairs, tbc 
tifth 810; the lengths of the apical setae are 125-170 The dorsal organ 
on the thorax is very similar to that of Hiscirus intermedius Sig Thor., but 
sometimes the front cliitinous structure is absent, occasionally both; the 
fine subcutaneous line is generally very distinct; the 4 (2 pairs) sensory 
hairs with large basal pores are slightly longer. On the hind edge of the 
cephalothorax, on the line of separation from the abdomen, are 4 snort stiff 
setae. The fine atriations of the cuticle are st)m(‘tinies circular, sometimoi 
zig zag and usiiiilly transverse. Degs thick with normal hairs. Length of 
animal 1100-1700 g, breadth 600-800 /u/’ 

No particulars have been given previously of tlic differences* in the sexes. 
In the adult stage, however, it is not difficult to distinguish them by the genital 
organs. In general, these organs lie below and Ivctween a pair of lips situated a 
little behind the last pair of coxae. Beneath each lip can be faintly seen three 
more or less circular discs, which in our species are smaller than those figured 
by Oudemans for Molgm. In the female, at the anterior end of the opening, is 
an exsertile organ of the nature of an ovipositor (Fig. 6a-h). In H. tapidariusy 
this organ is furnished apically with a short cliitinous rod. The writer has not 
been able to detect this rod in any other species which he has examined, nor as 
far as he is aware has it been figured. It is always easy to see, in B, lapidarius, 
whether the ovipositor be oxserted or not. 

In the male sex, the most striking feature of the genital organ is a pair of 
]) 08 terior, recurved, granular, lobed organs which Oudemans terms “ titillating 
organs ” (Fig. 7). 


E\P1>ANATION OF PLATE. 

Biscinis lapida/rius Kramer. 

Fig. 1. —Dorsal view of entire animal. 

Fig. 2.—Palp of adult. 

Fig. 3.—Mandible of adult (a), entire (6) jaws. 

Fig. 4.—Tibia and tarsus of adult. 

Fig. 5.—A dorsal seta of adult. 

Fig. 6.—Female genital organ, (u) ovipositor withdrawn, (6) exserted. 
Fig. 7.—Male genital organ, t = titillating organ. 

Fig. 8.—Larva, dorsal view. 

Fig. 0.—Palp of larva. 

Fig. 10.—Mandible of larva. 

Fig. 11.—Rostrum of larva, ventral view. 

Fig. 12.—Egg. 





The Active Immunization of Sheep against Infectious 
Entero-toxaemia (Braxy-Iike Disease) by means 
of B, ooitoxicus Anaculture. 

By H, W, Bennetts, D,V,Sc» 

The work described in the report that follows has been carried out under a 
co-operative arrangement entered into by the Council and the Western Aus¬ 
tralian Department of Agriculture. Briefly, this arrangement was that the 
Department seconded its Veterinary Pathologist, Dr. H. W. Bonretts, to the 
Council, and in addition made various laboratory and other facilities available 
for the investigations. As a result of the work, Dr. Bennetts has been able to 
show that entero-toxaemia, or the so-called braxy-like disease of sheep in 
Western Australia, is due to an organism which ho has termed Bacillus ovitoxicus. 
Many of the results to date have been published in the Council’s Bulletin 57 
issued last year. At that time, indications had been obtained that vaccination 
would probably be a satisfactory way of controlling the disease in certain cases. 

The report that follows is confirmatory of those indications.—E d. 

Summary, 

(i) Sheep may bo actively immunized against entero-toxaemia by means 
of B. ovitoxicus anaculture. Two inoculations with three weeks* interval are 
recommended. 

During the 1931 and 1932 seasons, the mortality rate in controlled flocks 
was reduced by 86 per cent, as a result of inoculation. 

(ii) A small experiment indicated that lambs fattened on shed peas during the 
summer months can bo satisfactorily immunized by this method. 

(iii) Lamb dysentery bacillus anaculture did not immunize guinea pigs against 
B, oxitoxicus toxin, although a response was obtained with B, ovitoxteus anacul¬ 
ture. 

(iv) B. ovitoxirus “ alum toxoid,’* tested on guinea pigs, did not possess any 
greater antigenic efficiency than B, ovitoxicus anaculture. 


I. Introduction. 

In a previous communication (Bennetts (1)), we have given a full account 
of the investigation of the etiology of infectious entero-toxaemia (braxy-like 
disease of sheep in Western Australia) as well as the result of prophylaxis 
with formalized antigens of the causal organism B, ovitoxicus. This pre¬ 
liminary laborabory and field work with anaculture, during 1929 and 1930, 
gave encouraging results. 

The purpose of this article is to record the results obtained in the field, 
with anaculture, since the publication of this previous report, and to discuss 
experiments carried out in the laboratory with other types of antigens, 
including one prepared with the lamb dysentery bacillus, which was tried 
for reasons indicated. 

2. Preparation of Vaccine—B. ovitoxicus Anaculture. 

This has already been given in detail, and is briefly as follows:— 
Bottles containing “ horse muscle broth ” with about 2 per cent, 
of meat are inoculated with breast muscle obtained aseptically from 
pigeons dying as a result of intramuscular inoculation with cultures 
of B. ovitoxicus. Glucose to a 0.1 per cent, concentration is then added 
and cultures are incubated at 37® C. Originally, a 24-hour period was 
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used, but it having been demonstrated that more toxic cultures were 
obtained with longer incubation, a 48*hour period was substituted for 
vaccines prepared for the 1932 season and subsequently. 

The resultant cultures are filtered through muslin to remove meat 
particles, and 0.5 to 0.7 per cent, formalin is added (the toxin obtained 
from 48-hour old cultures is somewhat more refractory to the action 
of formalin and the higher concentration seems necessary). The 
formalized culture is incubated until a 10 cc. amount is no longer l<*thal 
to a guinea pig on intramuscular inoculation. This usually requires 
about fourteen days. The vaccine is then ready for use. Prior to the 
addition of formalin, a small amount of culture is removed for titration 
of toxin content. 

During 1931 and 1932, vaccination has been carried out by veterinary 
officers of the Western Australian Department of Agriculture, and the previous 
routine of two inoculations at an interval of three weeks has been followcMl. 

3. Field Results in 1931 Season. 

From January to August, 1931, a total of 9,679 sheep on 21 properties 
were inoculated with B. oviloxicus anaculture prepared in the Perth laboratory. 
Throughout, only half of the various mobs were inoculated and branded 
distinctively, an approximately equal number of un-inoculated animals 
being run with them as controls. The dose used was 5 cc. followed by 10 cc., 
both inoculations being given subcutaneously. Young animals received 
correspondingly smaller doses of 2.5 cc. and 5 cc. No ill effects were noted 
except lameness, which frequently persisted for two or three days after 
inoculation, in two flocks, sheep were lame for more than a week. In 
some cases, on the occasion of the second inoculation, some of the sheep 
were seen to have a small indurated area at the site of the first inoculation. 
This appears to be a reaction to the dead bacteria injected, and may persist 
for several months. 

As on previous occasions, the results were somewhat marred by the 
(UTatic incidence of the disease. Mortality due to entero-toxaemia occurred 
in only eight of the flocks where inoculation had been carried out, although 
the disease had recently occurred on all properties. Further, in these eight 
flocks, the death rate, with the one exception of 10.9 per cent., was low. 
Uie results are tabulated below. 

(a) Vaccine prepared from R2, and M.R. Strains. 


Owner. 


Controls. 



Vaccinateil. 


No. of 
Sheep. 

Dcatlia. 

Percentage 
of Deaths. 

No. of 
Sheep. 

Deaths. 

Percent age 
of Deaths. 

I.F. .. 

286 

12 

4.2 

286 

0 

0 

S.B.R. 

1,210 

13 

1.07 

1,360 

0 

0 

M. 

3,100 

117 

3.77 

1,867 

17 

0.91 

W. 

315 

3 

0.95 

285 

0 

0 

S. .. 

143 

2 

1.4 

143 

0 

0 

W.B. 

664 

4 

0.6 

597 

5 

0.84 

Whole Experi¬ 






0.48 

ment 

5,718 

151 

2.64 

4,538 

22 
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As a result of inoculation, there was a lowering of the mortality rate from 
2.64 per 100 to 0.48 per 100 ; in other words, the mortality rate was reduced 
to only 18 per cent, of its former value. 

Owner M. reported that the inoculated section of his flock had undoubtedly 
“ done bettor than the controls, and that the wool and progeny were also 
better. These claims were confirmed by personal inspection, but this apparent 
effect of vaccination has not been noted in any of the other flocks. Property 
M. is very highly improved, and the conditions obtaining are unusually 
favorable to the incidence of the disease. Following heavy losses in 1918 
and 1919, the mortality rate declined, but the flock has never acquired the 
degree of natural immunity which is almost generally experienced, and for 
a number of years the average annual death rate from entero-toxaemia has 
been approximately 5 per cent. Field observations on this and on other 
properties suggest that a percentage of the flock develop mild attacks of 
the disease, which detrimentally affect the general health of the animals, 
although not giving rise to very definite symptoms. On a property such 
as M’s, where conditions are so favorable to incidence, and where the disease 
has been enzootic for a long period, one would expect a rather large percentage 
of these cases. The beneficial effect of the vaccine, apart fromk.s preventing 
mortality, may be due to the increased resistance following its use. 


(b) Vaccine prepareb from T2 Strain. 


Owner. 


Controls. 


Vaccinated. 

No. of 
Sheep. 1 

Deaths. 

Percentage 

1 of Deaths. 

No. of 
Sheep. 

Deaths. 

Percentage 

1 of Deaths. 

M.B. 

1 1 

613 i 

5 1 

0.98 

487 

3 

0.62 

F. 

193 1 

21 

10.88 

186 

12 

6.45 

Whole Experi- 

! 

1 






mont 

706 j 

26 

3.68 

673 

16 

2.23 


The results obtained with vaccine made from the T2 strain are thus in no 
way comparable with those obtained with the 112 and M.R. strains. This 
was not entirely unexpected, as on titration of cultures from which this 
vaccine was made, it was found that the toxin content was comparatively 
low, the minimum lethal dose of filtrate for a mouse on intramuscular inocula¬ 
tion being over 0.3 cc. as compared with a minimum lethal dose of 0.1 cc. 
or lower with batches made from R2 and M.R. strains. Subsequent laboratory 
experiments also indicate that the T2 strain was of low antigenic value, 
and it was not used further for vaccine production. 


4. Field Results in 1932 Season. 

The results obtained in the 1931 season, confirming those of the previous 
year, have shown that B, ovitoxicus anaculture is an efficient immunizing 
agent. In response to numerous inquiries from stock owners, particularly 
those with stud flocks, it was decided to extend the vaccination work, at 
the same time making a charge to cover the cost of the vaccine. As it was 
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impossible for the Perth laboratory to meet the increasing demand, the 
Commonwealth Serum Laboratory was requested to supply 100 litres of 
vaccine for use during 1932, and agreed to do so at a cost of IJd. for each 
10 cc. Twenty-two litres were subsequently made in Perth to supplement 
the Commonwealth supply. 

The method of preparation of vaccine used in 1932 was somewhat 
modified. The cultures were incubated for 48 hours instead of 24, and 
they were prepared from two tried strains (M.R. and Rl) of B. ovitoxicfis. 
Vaccines previously used had been monovalent. For the sake of convenience, 
the Serum Laboratories substituted “ V.F.” broth for “ horse-meat broth ” 
as culture medium. 

The doses of vaccine were reduced from 5 cc. and 10 cc. to 3 cc. and 7 ov,. 
for adult sheep, and 2 cc. and 5 cc. for young sheep. It was considered 
that these amounts of vaccine made from the more toxic cultures would 
be equally effective. By reducing the dose, the cost of inoculation could 
also be made more reasonable. 

It was found impossible to maintain the system of vaccinating onlv 
half of the flock, so that, with two exceptions, no controls were left. In 
most instances, large numbers of the flock were left un-inoculated, these 
animals being passed over because they were considered not likely to contract 
the disease on account of their age or condition. In some cases, only small 
stud mobs were inoculated. These un-inoculated sheep could not therefore 
be considered as controls, particularly as they were not generally run with 
the inoculated section of the flock. 

From February to August, 1932, a total of 16,589 sheep were inoculatecl 
on 26 separate properties in the Great Southern, Midland, and Eastern 
districts, at a cost of l^d. per sheep. The two inoculations were completed, 
in almost all instances, at least three or four weeks prior to lambing (May- 
July). The sheep owners were supplied with printed forms, similar to those 
in use for necrotic hepatitis in Victoria, for the purpose of recording full 
particulars of deaths occurring in their flocks each month. 

There were no ill effects following inoculation with the exception of the 
lameness already referred to. On one property where the disease chiefly 
affects lambs (8-12 weeks), we inoculated 288 lambs, many of which were 
only 2 3 weeks old at the time of the first inoculation. Doses of 1 cc. and 
2 cc. were given. No after effects at all were noted, and no deaths due to 
entero-toxaemia have occurred. 

The results obtained for the 1932 season were again very satisfactory, 
although mortality occurred on 8 of the 26 properties where inoculation 
had been carried out (viz., S.B.R., M., W.B.—Cf. 1931 and A.R., 0.0., M. 
& B., V. and II.). 

Out of a total of 7,743 sheep inoculated on these properties, there were 
30 deaths from entero-toxaemia—0.39 per cent. In 6,795 un-inoculated 
sheep on these same properties, there were 93 deaths—1.37 per cent. (In 
addition, there were 74 deaths among the new season’s lambs.) As previously 
pointed out, these un-inoculated sheep were not controls, but were generally 
composed of sections of the flock which were regarded as being less susceptible 
to the disease. 
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The results of a controlled experiment on two properties are tabulated 
in the following table :— 


OHucr. 

Controls. 

Vaccinated. 

No. ot 
Sheep. 

Deaths. 

Percentage 
of Deaths. 

No. of 
Sheep. 

Deaths. 

Percentage 
of Deaths. 

W.B. 

1 1 

696 

26 

1 ! 

1 3.74 

626 

5 

0.8 

V. .. 

413 

15 

I 3.63 

287 

0 

0 

Wliole Ex{)eri- 







nient 

1,109 

41 

3.61 

913 

i 

5 

1 ' 

0.55 


The results of this experiment are surprisingly similar to those obtained 
in the previous season, inoculation again lowering the mortality rate to 
a})proximately 15 per cent, of its former value. 

Monthly records of mortality on the eight properties where the disease 
made its appearance did not indicate any falling off in the degree of immunity 
over the seven months’ period from the last inoculation in March until the 
end of the season in October. 

From an experimental point of view, it is unfortunate that throughout 
both seasons’ work the incidence of the disease has been low on all properties 
where vaccination has been carried out. It is notable that since 1927-28 
tlie annual incidence of the disease has generally greatly decreased in the 
older settled districts. The probable reason for this has been discussed 
elsewhere. However, even in these areas, heavy losses are still experi(mced 
from time to time, particularly on the more highly improved properties. 
Prophylactic immunization is to be advocated in these special cases and 
for stud stock generally. The severe enzootics experienced in 1925-1927 
may recur, particularly in the newer agricultural districts. Notwithstanding 
tlie decreased incidence, the demand for vaccination is still increasing. 

5. The Immunization of Lambs Fattening on Peas. 

In Western Australia, it is a not uncommon practice to carry June-July 
lambs through to fatten during the summer mouths on croj)s of shed held 
peas, marketing up till the beginning of April. Scouring frequently results, 
and a percentage of the animals die suddenly from a condition which the 
writer has shown to be entero-toxaemia. The owner of a property on which 
these investigations were carried out had for many years averaged a 5 per 
cent, mortality in a flock of 500-600 lambs. 

In January, 1932, we inoculated 50J of his lambs, consisting of 47 Merino 
and 456 Shropshire and Suffolk crossbreds. The inoculation was done with 
anaculture 2 cc. followed by 5 cc. Ninety-hve crossbred lambs were left 
as controls, and of these 3.15 per cent, died of entero-toxaemia. None of 
the inoculated succumbed. There were originally 50 of the Merino lambs, 
and 3 of these had died from the disease prioi* to the time of inoculation. The 
owner reported that a feature of the lambs this year was the freedom from' 
.scouring, only a few showing it. He also indicated that it was remarkable 
how few of the Un-incculated lambs were suitable for inclusion in the first 
draught for market. 

This experiment indicates that lambs fattening on peas can be successfully 
immunized against entero-toxaemia. Inoculation can be carried out without 
fear of checking the lambs. 
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6. Laboratory Experiments with Modified Vaccines. 

AlthougH the results attending the use of formalized culture as a pro¬ 
phylactic vaccine had been very satisfactory, we hoped to be able to produce 
a better product, or rather one which would give equally good results with 
a smaller dosage. This investigation proceeded along two main lines 

(i) Alum toxoid »—The use of tapioca, calcium chloride, and other 

materials injected with vaccines has been recommended as a 
means of increasing antigenic effect. The increased immu¬ 
nological response obtain^ is considered to result from pre¬ 
vention of rapid absorption and excretion of the antigen. 
Glenny and others (4) have used toxoid (anatoxin) precipitated 
with potash alum, and have obtained increased antigenic 
efficiency which they have shown to be due to slow absorption 
and elimination of the insoluble product “ alum-toxoid 
Following similar lines, attempts were made to immunize 
guinea pigs and to hyper-immunize rabbits with B. ovitoxicus 
alum toxoid. 

The results of a series of experiments indicated that, in 
laboratory animals, the response to these products was not 
superior to that obtained with anaculture. It was concluded 
that the dead bacteria in the vaccine promoted sufficient local 
reaction (Of. sheep) to prevent the too rapid absorption and 
elimination of the anatoxin, as well as, the bacteria, themselves 
possibly acting as antigens. 

(ii) Lamb dysentery bacillus anaculture .—In order to make it clear why 

the lamb dysentery bacillus should be tried as an immunizing 
agent against B. ovitoxicus, it is necessary to give a brief 
account of the ‘‘ B. wehhii group.’’ 

The writer (loc. cit.) has discussed the antigenic relationships of the 
members of this group, viz., B. welchii, the lamb dysentery bacillus. B. 
paludis, and B. ovitoxicus. On account of the morphological and cultural 
resemblances of the last organism to B. welchii, we hesitated before giving 
it specific identity instead of describing it merely as a type of B. wehhii. 
It was pointed out that the group required further investigation. Previous 
classifications of B. wehhu have been based on purely biochemical grounds 
and antigen relationships have not been considered. Wilsdon (5), however, 
has recently published a more satisfactory classification based on toxin 
antitoxin relationships. The classical B. wehhii, the lamb dysentery bacillus 
B. jHiludis, and another type of B. wehhii of animal origin are classified a.s 
B. wehhii types A, B, C, and D respectively. He suggests that the toxin 
of type A contains only one antigenic unit which is common to all four types, 
whereas type B, the lamb dysentery bacillus, contains three, one of which 
is common only to it and type C. Type D contains two, one common only 
to it and to type B, the second being the unit common to all the types. 

Although there are slight cultural differences between the lamb dysentery 
bacillus and B, paludis, their toxins and antisera give complete cross immu¬ 
nization, and the olganisms can only be satisfactorily differentiated by 
means of the relationship of their toxins and antisera to those of Wilsdon’s 
B, wehhii type D, or to B. omtoxhm. The two latter organisms may prove 
to be identical, although the properties of the toxin of type D as described 
by Wilsdon differ in certain respects from those possess^ by B, ovitoxicus, 
Bailing (2) apparently considers that B, ovitoxicus is identical with B. paludis. 
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This finding is difficult to understand in view of our results (Bennetts loc. cit.) 
which were checked by Dr. A. W. Turner, in Melbourne, and have since been 
confirmed by Gill (3) for both Western Australian and New Zealand strains 
of B. ovitoxicus. 

In a personal communication early in 1932, Dr. L. B. Bull, Director of 
the Pathological and Bacteriological Laboratory, Adelaide Hospital, suggested 
an antigenic relationship of the members of the B. tvelchii group which was 
somewhat similar to that later reported by Wilsdon. From a consideration 
of our findings with regard to the toxin antitoxin reactions in the group, 
h(‘ thought that the lamb dysentery bacillus toxin might contain the most 
evenly balanced mixture of antigenic components, and that consequently 
it might be advantageous to use this organism for prophylactic immunization 
against B. ovitoxicus, A further argument in favour is that this organism 
])roduces a much more potent toxin than does B. ovitoxicus. 

An attempt was made to immunize guinea pigs against^, ovitoxicus toxin 
by m<*ans of lamb dysentery anaculture. Filtrates of the culture from which 
this was prepared had a mouse minimum lethal dose of 0.01 cc. Each of a 
series of guinea pigs was inoculated with an initial dose of 1 cc. of this vaccine, 
followed three* weeks later by a second inoculation of 2 cc. A parallel serie# 
of guinea pigs were inoculated with the same amounts of B. ovitoxicus anacul¬ 
ture (mouse M.L.D. 0.1 cc.). The inoculations were subcutaneous. Three 
w(*eks after the second inoculation, the immunity was tested by intramuscular 
inoculation with solutions of standardized desiccated B. ovitoxicus toxin. 
The guinea pigs which had been inoculated with B. ovitoxicus anaculture 
survived the effect of 1 M.L.D. of toxin, but those receiving 5 M.L.D. died 
some hours later. On the other hand, lamb dysentery anaculture (made 
from a more toxic culture) gave no protection against even 1 M.L.D. of 
B. ovitoxicus toxin, animals receiving this dying as rapidly as the controls. 
Admitting that, as found by other observers, the immunity response is not 
good in guinea pigs, th<* result of this experimi'iit was distinctly discouraging, 
and on account of the pressure of other work, the investigation was not 
carrieil any further. 

If, as seems very likely, the arrangement of antigenic constituents in 
the toxin of B. ovitoxicus is similar to that of Wilsdon’s B. welchii type D, 
the reason for the failure of lamb dysentery antigen to immunize against this 
toxin would be quite clear. 


7. Further Field Work. 

The prophylactic inoculation of sheep with B. ovitoxicus anaculture is 
being carried out under the supervision of the Western Australian Depart¬ 
ment of Agriculture. Already, applications have been received for the 
inoculations of some 25,000 sheep this season, and this work is proceeding. 

An experiment is jirojected, the purpose of which is to determine experi¬ 
mentally the duration of immunity following on routine vaccination pro¬ 
cedure. 
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Some Preliminary Tests on the Control of Thrips 
imaginis Bagnall. 

By J. W. Eoam, M.A* 

{From the Waite Agricultural Research Institute, University of Adelaide.) 

Summary. 

During the spring of 1932, preliminary tests were made wTth certain 
materials as repellents or deterrents for thrips. The work was considerably 
tampered by the cold weather during October, which necessitated a curtailment 
of the planned programme of experiments. The sprays tested w'cre lime-water 
'and lime-sulphur and resin; the dusts were nicotine, sulphur, and pyrethruni. 
Pyrethrum powder, even when mixed with sulphur in the proportions of 1 part 
of pyrethrum to 10 parts of sulphur, was shown to retain its strength as a 
repellent for two days. The other substances tested were of no value. 

I. lotroduction. 

A series of tests with certain materials was carried out during the 
spring of 1932 for the purpose of determining the repellent value of 
the materials. In all, 100 separate experiments were made, from the 
end of August until the middle of November. The unfavorable weather 
conditions prevailing during October, when apple trees were blossoming, 
rendered it difficult to obtain any results during that month. However, 
such results as were obtained, combined with those from tests carried 
out in September and November, when the weather was more settled 
and the thrips more abundant, are sufficient to show the value of certain 
preparations, and the results that may be expected with others. The 
following materials were tested :— Sprays —^lime-water, and lime-sulphur 
and resin. Dusts —sulphur and pyrethrum (separately and combined), 
a proprietary nicotine dust, and a proprietary nicotine-tar dust. These 
were chosen as having possible value either as repellents or deterrents, 
or as possessing killing properties in addition to repellent ones. No 
tests were made with insecticides as such, the work of Zeck and Noblef 
having demonstrated the value of kerosene emulsion, a cheap and easily 
prepared spray, in this connexion. 

Although Thrips imaginis is the insect responsible for certain 
damage to deciduous fruit blossoms, three other species of thrips occurred 
in small numbers in nearly every sample of blossom taken during the 
spring. These were Isoneurothrips australis Bagnall, Thrips tabaci 
Lind., and Ilaplothrips victoriensis Bagnall. For record purposes, the 
insects taken in every count were separated into species, sexes, adults, and 
nymphs; but foi the purpose of the tests, the total number of thrips in 
the blossom examined was used as an index to the efficiency of the 
treatment. 


2. Treatment. 

(i) Lime-water .—Experiments were made with lime-water as p. 
spray, owing to its supposed efficacy as a thrips deterrent, reports having 
been received of the success attending its use during the 1931 thrips 

* An officer of the Councirs Division of Economic Entomology, attached to the Waite Agricultnnl 
Research Institute in connexion with investigations on thrips. 

t Zeck, E. H., and Noble, N. S.: Agric. Oat. N.S.W. 43 : 281, 1982. 

C.8687.—2 
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outbreak. It was made up in the proportions of i lb. of fresh lime to 
'1 gallon of water. In four tests, the average number of thrips per 
blossom (plum and apple) 24 hours after treatment was 2.2, compared 
with an average number of 3,3 thrips in the untreated controls. The 
numbers of blossoms examined in these experiments were 190 treated, 
and 240 controls. In two instances the blossoms were scorched. Thia 
spray has no deterrent value. 

(ii) Lime-sulphur and Resin .—This spray was tested in the propor¬ 
tions given in a previous publication (Coun. Sci. Ind. Ees. (Aust.) 
Pamphlet 30, 1932), where it was stated that it had given promising 
results in laboratory and small field tests. It had been noted during the 
spring of 1931 that while lime-sulphur was of no value against thrips, 
owing to its poor wetting and sticking properties, when added to a 
solution of resin dissolved in methylated spirits and ammonia it became 
an efficient contact insecticide, and had some repellent value. The 
tests carried out in 1932 demonstrated that its repellent qualities are 
too short-lived to be of any real value. 

(iii) Nicotine Dusts .—Two proprietary nicotine dusts were used ii| 
order to compare their efficiency with pyrethrum. It was found that they 
killed thrips quicker than pyrethrum, but that their effect Vas not lasting. 
A nicotine-tar dust gave promising results early in the season when 
the temperatures were low, but during hot weather this advantage over 
the ordinary nicotine dust was not apparent. Twenty-four hours after 
the application of nicotine dust to five roses, 218 thrips were found in 
them, while there were 422 thrips in the five roses examined for control 
purposes. A similar result was obtained with apple blossom, in which 
an average of six thrips a flower was found in dusted blossoms 48 hours 
after treatment, while an average of three thrips a flower was found 
in the control blossom. With nicotijie-tar dust, 48 liours after its appli¬ 
cation to plum blossom, the average number of thrips in one blossom 
was 0.9, while the average number in the controls was 1.2; 240 treated 
flowers and 220 control floAvers were examined in the experiment. 

(iv) Sulphur .—Sulphur dust was trhid out early in the season. Jt 
has little repellent value. With P'ninus p'issardi one hour after treat¬ 
ment, the average number of thrips per blossom was 1 (196 blossoms), 
controls 1 (142 blossoms). After 24 hours, the numbers were 1 (292 
blossoms), controls 2 (157 blossoms). 

(v) Pyrethrum .—Two brands of pyrethrum were tested, a pro¬ 
prietary preparation, and an ordinary commercial pyrethrum powder. 
The latter differed from the former in not having a carrier incorporated 
with it. This dust was tested on account of its known insecticidal 
value and reported repellent qualities. On account of its prohibitive 
cost, a series of tests were made with pyrethrum and sulphur mixed 
together in different proportions. Sulphur Avas chosen as a carrier as 
it is a heavy dust, and settles quickly; it is also inexpensive. Experi¬ 
mental applications of the dust were made with pyrethrum alone and 
with pyrethrum mixed with sulphur in the proportions of 1 part of 
pyrethrum to 4, 5, 8, and 10 parts of sulphur (by weight). It was 
found with all tests that, oven when diluted in the proportions 
of 1 part of pyrethrum to 10 parts of sulphur, almost complete control 
of thrips Avas obtained over a period of 48 hours from the time of 
ap])lication. In five experiments with dust at the latter strength, a total 
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of 88 thrips was obtained from 670 blossoms of treated plum trees, 
48 hours after application. From 378 undusted plum blossoms, 045 
thrips were obtained. 

During October, the weather was consistently cold, and no oppor¬ 
tunity offered of determining the lasting qualities of pyrethrum on apple 
blossom during hot weather. In order to obtain some idea of this 
important point, during November, 40 Cecil Brunner roses growing on 
one hedge were dusted thoroughly with 1 part of pyrethrum mixed with 
8 parts of sulphur. The roses were not fully open, and so the dust was 
unable to penetrate into the blossom. The numbers of insects in both 
treated and check flowers increased during the first three days as the 
developing roses became more attractive, and the temperature increased. 
The numbers dropped on the fourth day with the temperature, and as 
the roses had passed their prime. Ten dusted roses and ten untreated 
ones, at a corresponding stage of development from a neighbouring 
hedge were picked, and their thrips population recorded every day for 
four days. The maximum shade temperatures for the four days were 
24.3° C., 28.3° C., 32.1° 0., and 22.2° C. The numbers of thrips in 
the dusted flowers examined on the four days were, 50, 121, 332, and 
601, and the numbers in the check flowers, 249, 440, 1,704, and 540 
thrips respectively. This test demonstrated that pyrethrum retains its 
properties for three days at a high temperature, but not for four. 

Included in the programme of tests planned for October were dusting 
experiments on blocks of apple trees in different stages of blossom develop¬ 
ment, from early pink-bud stage to full bloom. However, it was 
possible to undertake only a few of the intended series, and with only 
one series were any significant results obtained. The other series were 
either spoilt by wet weather or rendered valueless by the small numbers 
of thrips in the check blossom, often as low as an average of 1 thrips 
to 2 flowers. 

Five Cleopatra apple trees in full bloom were dusted each with 
i lb. of dust (1 part pyrethrum and 5 parts sulphur). After 24 hours, 
a total of 3 thrips were obtained from 204 blossoms picked at random. 
From 196 blossoms picked from check trees, 415 thrips were obtained. 

3. Discussion and Conclusions. 

Kesults of previously published experiments (Coun. Sci. Ind. Res. 
(Aust.) Pamphlet 30, 1932) demonstrated that sprays containing strong 
smelling essential oils, known to be repellent to thrips, are of no practical 
value in the field, their effect being too short-lived. Contact insecticides 
are of little value for the same reason. The substances dealt with in 
this paper have one feature in common—they leave a deposit on the 
leaves and petals to which they are applied. In the case of lime-water, 
the deposit is inert, but it was considered that a coating of lime might 
deter the thrips from feeding on sprayed blossom. 

Dusts have frequently been advocated for use in the control of thrips, 
since, in a given time, it is possible to cover a larger acreage with a dust 
than with a liquid spray. A dust can be thrown over a tree as a cloud, 
whilst, to be of any value, spraying entails careful work, the nozzle 
being applied in turn to each cluster of blossoms. 

However, if a dust is to serve the double purpose of acting as a 
contact insecticide and as a subsequent repellent, it is essential that a 
good cover be given. Consequently, unless the material used is cheap 
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and can be put on generously, it must be applied as in spraying, each 
of the individual clusters, as far as possible, receiving an application. 
The sepals, calyx cups, and flower stalks of apple blossom are hairy; 
this facilitates the retention of the dust, which is an important factor. 
In the experiments described in this paper, sulphur was used with 
pyrethrum on account of its cheapness and weight. Being a heavy dust, 
it settles quickly; a lighter material, unless applied in very still weather,, 
is largely carried away by the wind, only a little settling on the tree* 
Sulphur has poor sticking qualities. During the course of some experi¬ 
ments carried out at the Gipsy Moth Laboratory, in America,* some 
promising adhesives were found; these, in the approximate order 
of importance, are, commercial ferric oxide, powdered casein glue, linseed 
oil or fish oil, and finely powdered milk. The best results were obtained 
when the powdered adhesive made up 20 per cent, of the weight of the- 
dust mixture. Other recent work in America,f having as its purpose 
the development of dusts with better sticking qualities than those 
ordinarily used, has shown that increased adhesiveness can be obtained 
by adding small quantities of mineral oil to the dust. 

In a previous publication on the control of thrips, to which reference 
has already been made in this paper, it was pointed put that, even 
during a season when thrips are present in “ plague ” numbers, it i» 
only on days with very high temperatures that the insects are in 
sufficient numbers to constitute a danger to apple blossom. It was also 
shown that those periods are of short duration, seldom lasting even as- 
long as four days. Pyrethrum, when mixed with sulphur in the propor¬ 
tion of 1 part of pyrethrum to 10 parts of sulphur, has been shown 
to give effective protection for two days when it is applied thoroughly 
to blossom, and not as a cloud. This is probably the longest period over 
which protection can be expected during such w^eather; buds that have 
been dusted on the outside will open and expose untreated petal surfaces, 
and it is doubtful whether pyrethrum is repellent except at very close 
quarters. 

The wholesale price of imported pyrethrum in Australia is 2s. 6d. 
a lb., and the use of this dust, unless produced locally and the price 
very considerably lowered, will not be economically possible unless, 
diluted with a carrier. 

It must be stressed that the experiments carried out to date have 
been designed more for the purpose of determining the nature of materials 
suitable for thrips control, rather than a search for any specific sub¬ 
stance. The results given in this paper are only a further step in the 
development of the investigation. Many substances and methods of 
application have yet to be tested. 
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The Hydrogenation of Coal and Oil. 

By L. /. Rogers, MSc., B,E. 

I. Introduction. 

In 1930, Dr. A. C. D. Rivett, Chief Executive Officer of the Council for 
Scientific and Industrial Research, made some inquiries into the position 
of industries for producing oil from coal in England and Germany. His 
observations are embodied in a report* submitted to the Vice-President 
of the Executive Council. At that time little information had been published 
about the catalytic hydrogenation of coal and tar, which is probably the 
most promising process for converting coal into oil in Australia. A con¬ 
siderable amount of publicity has been given to this process lately in England, 
and to a lesser extent in Australia also. The following description of the 
process, its achievements, limitations, and present stage of development 
may therefore be of some interest. 

If various solid and liquid fuels be compared on the basis of their ultimate 
analysis, it becomes evident that, with one or two unimportant exceptions, 
the order of increasing value is also the order of increasing hydrogen-carbon 
ratio. In the following table of representative analyses, the “ disposable 
hydrogen is the percentage present in excess of the quantity required to 
combine with the oxygen in the fuel. 


Ultimate Analyses of Typical Fuels. 
(On a dry and ash-free basis.) 


— 

Wood. 

Peat. 

Lignite. 

Bituminous Coal. 

Petroleum. 

Non- j 
coking 1 

Coking. 

1 

Fuel Oil. 

Petrol. 

Carbon % 

50 

57-6 

70 

81 

86 

86* 1 

85*3 

Hydrogen % 

6 

5*5 

6 

5*3 1 

5*4 

11-8 

14*7 





Including an allowance for sulphur 

Oxygen % 

43 

350 

23 

12 1 

6*5 

1 

.. 

Disposable % 

0-6 

11 

21 

3*8 1 

4-6 

11-7 

14*7 

Hydrogen 









The processes by which coal and petroleum have been formed in nature 
have involved the loss of water and gases rich in carbon. Hydrogen has, 
therefore, become more and more concentrated in the residue. Different 
grades of solid fuels represent the different stages at which the natural process 
of development has been arrested. The more mature coals are, therefore, 
richer in available hydrogen than the younger fuels. By inducing these 
fuels to combine with more hydrogen, it is possible to imitate the maturing 
process in the laboratory, and so obtain products of higher unit value. In 
this way a material resembling coal has been prepared from wood ; non-coking 
coal has been transformed into coking coal; a liquid resembling crude petro¬ 
leum has been produced from lignite and coal; and heavy oils and tars have 
been converted into petrol. This is the process which is now being developed 
under the name of hydrogenation. 

• “ Memorandnm on the Present Position of Investigations on the Production of Oil from Coal,” 
by A. 0. D. Rivett, M.A., D.Sc., Parliamentary Paper No. 178. F.1064. (iiovt. Printer, Canberra 
(1981). 
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2. Historical. 

Coal was first hydrogenated in 1868 by Berthelot, who obtained a mixture 
of organic liquids by heating coal under pressure with hydriodic acid. 
Bergius’s first experiments were undertaken in an investigation into the 
origin of coal. By heating cellulose in an autoclave with water, he produced 
a material resembling coal, and concluded from his experiments that liquid 
hydrocarbons could be formed by carrying the process a stage further. 
Bergius’s original patents were taken out in 1913 and 1914, but further 
progress was delayed by the war. By 1921, a semi-commercial plant had 
been put into operation at Rheinau, and in 1928 a plant with a capacity 
of 100 tons per day was constructed at Duisberg. The process soon proved 
to be uneconomic, however, and the plant was closed down. 

The original Bergius process converted coal into a mixture of motor 
spirit, a phenolic middle oil, and pitch, roughly in equal proportions. In 
the last ten years, investigations with which Bergius has had no connexion 
have proved the possibility of preparing petrol as the only liquid product. 
These developments have been effected by the German chemical combine 
(the Interessen Gemeinschaft) and by Imperial Chemical Industries. Credit 
for the original idea must be given to the German company, which has 
confined its attention largely to the treatment of brown coal tar. In England, 
Imperial Chemical Industries has attacked the more difficult problem of 
hydrogenating solid coal, with very satisfying results from a technical, if 
not from an economic, point ot view. 

The results achieved in Germany were so encouraging that, in 1928, the 
Standard Oil Company purchased a half interest in the I.G. process. In 
the last two or three years, a combine of world-wide interests has been formed 
for the pooling of patent rights, and the control of the hydrogenation process. 
The partners in this combine are the Interessen Gemeinschaft, Imperial 
Chemical Industries, the Royal Dutch-Shell group, the Standard Oil Company, 
and, through the latter, most of the, oil companies of America. 

The present position of the industry is roughly as follows :—In Germany 
there are three plants in operation, a large ope at Leuna, near Leipzig, and 
two smaller ones at Merseburg and Oppau. About 400 tons of petrol are 
produced per day from brown coal tar and heavy petroleum residues. The 
Company claims to have hydrogenated brown and black coal successfully, 
but the prices of raw materials at present are such that the treatment of 
brown coal tar is a more economic proposition. 

At Billingham-on-Tees, in England, there is a 15-ton per day pilot plant, 
upon which sufficient work has been done to enable a full-scale commercial 
plant to be designed. The operation of the 15-ton unit itself is not economic, 
so it has been closed down for the last year. 

In the United States of America, two oil hydrogenation plants have been 
constructed with a capacity of 5,000 barrels (700 tons) per day each. The price 
of petrol in America is such that the hydrogenation of heavy oil to motor spirit 
is hardly possible commercially. Having satisfied itself, tWefore, that petrol 
production presents no unsolved technical difficulties, the Standard Oi’ 
Company has set itself the task of investigating various special developmentp 
of the process. Asphaltic residues, which cannot be cracked in a plant ol 
the orthodox type, have been found amenable to treatment with hydrogen. 
A motor spirit has been produced with a high flash point, and this product 
is being recommended for use in air craft, to reduce the fire risk. High- 
grade lubricants have been prepared from inferior stock. Hydrogenated 
lubricating oils indeed are much superior to the products prepared by 
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distillation alone, having a low setting point and a comparatively high 
viscosity at elevated temperatures. The Standard Oil Company is marketing 
an hydrogenated product under the name of “ Essolube for blending with 
ordinary lubricating oils. Such developments represent the most likely 
immediate field of application in the petroleum industry. 

3. The Hydrogenation Process. 

The original Bergius process seems so unlikely at present to make any 
commercial progress that no useful purpose would be served by describing 
its operation. The main difference between it and the modified processes 
employed by the Standard—I.G. Company consists in the use of catalysts, 
which, by speeding up the reaction, make possible a reasonable throughput 
for a plant of economic size. Effective hydrogenating catalysts, such as 
nickel, have been known for many years and have been widely employed 
in associated processes, such as the saturation of fish oils. But the catalysts 
used until ten years ago were susceptible to poisoning by sulphur, and, 
therefore, could not be applied to the hydrogenation of coal, tar, and crude 
oil. An intensive search in the last ten years has resulted in the discovery 
of many other catalysts, such as molybdenum oxide, molybdenum sulphide, 
tungsten oxide, tungsten sulphide, and cobalt sulf)bide. These are just as 
effective as nickel, but they are immune to sulphur poisoning. It is this 
achievement, alone, which has enabled hydrogenation to reach its present 
stage of development, and which may in the future make commercial appli¬ 
cation possible. 

The catalytic process for hydrogenating coal may be carried out in two 
or three stages. Two are used in England and three in Germany. In the 
first, pulverized coal is mixed with sufficient heavy oil to make a paste which 
may be pumped. After being heated to a temperature of about 450® C., 
it is forced into a vertical reaction vessel, constnictcd of a special alloy steel, 
and in which a pressure of 250 atmospheres is maintained. Hydrogen also 
is heated and pumped into the chamber with the coal paste. The operation 
is continuous, and the product from this stage consists of a mixture of light, 
medium, and heavy oils, and a small amount of solid matter. The crude 
product is fractionated at temperatures of 170® C. and 300® C. approximately. 
The spirit is sent to the refinery, the middle oil passes to the final stage of 
the process, and the heavy oil is centrifuged or distilled, to separate the 
original ash of the coal and what little unconverted material is present. 
In the two-stage process, the throughput of the first unit is adjusted to provide 
just sufficient heavy oil for pasting the raw coal. In the three-stage process, 
the throughput is increased, and the reaction is arrested at a stage where 
the product is mainly a heavy oil. After removal of solid matter from this 
oil, it is given a second treatment before proceeding, as a middle oil, to the 
final stage of conversion. 

The middle oil is hydrogenated in the vapour phase at a temperature 
of about 500° C., but in the presence of hydrogen at the same pressure as 
before. After passing through the converter, the vapours are .condensed 
and fractionated. The oils boiling outside the petrol range are returned 
to the plant, and re-cycled until conversion is complete. In this way, the 
original coal is ultimately transformed mainly into motor spirit, the yield 
being between 60 per cent, and 65 per cent, by weight of the dry ash-free 
coal, or approximately 190 gallons per ton. The other products are water, 
ammonia, gas, and a small quantity of incompletely hydrogenated material. 
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The temperature in each stage, and the catalyst employed, are chosen 
80 as to give the best conversion in that stage to the desired products. In 
the liquid phase stages—^the first of the English process, and the second 
as well in the German system—the catalyst is mixed with the charge. For 
the vapour-phase reaction, the catalyst is suspended inside the converter. 
Tar or heavy oil is hydrogenated in two stages, corresponding to the second 
and third (the “ sumpf ’’ and the “ gas **) stages of the German process. 

The motor spirit produced requires practically no refining, and is an 
excellent anti-knock fuel. The middle oils formed in the incomplete hydro¬ 
genation of coal are highly aromatic and phenolic, and therefore of doubtful 
value as a fuel for Diesel engines. The heavy oils from coal appear to have 
no constitutents with lubricating properties of any value. The process is, 
therefore, essentially one for producing petrol. 

In the conversion of bituminous coal into petrol, the consumption of 
hydrogen is 9 or 10 per cent, by weight, or roughly 35,000 to 40,000 cubic 
feet per ton. For treating tar, only hall this quantity is required, and for 
petroleum residues still less. In addition to the hydrogen actually absorbed, 
a considerable excess must be passed through the plant to prevent coking. 
In the vapour phase stage, the hydrocarbon gases generated in the process 
must not be allowed to dilute the nydrogen to a concentration less than 
about 85 per cent. In the liquid-phase stage, a minimum concentration 
of 70 per cent, is satisfactory. Enormous volumes of hydrogen must therefore 
be manufactured for the process and compressed to a tairly high working 
pressure. 

Hydrogen is manufactured on a very large scale in the synthetic ammonia 
industry. The favourite method of production is the catalysed reaction 
between steam and water gas at about 500° C. The carbon dioxide formed 
in the process and the residual carbon monoxide are subsequently removed 
by solution under pressure. Coke oven gas is also extensively employed 
for producing hydrogen by the Linde process, in which the other constituents 
are separtted by liquefaction at low temperatures. In a few instances 
cheap electric power is used for generating hydrogen by electrolysis. 

The excess hydrogen required tor the coal treatment process may be 
recovered from the residual gases. The hydrocarbon gases formed may also 
be used as a source of part or all cf the fresh hydrogen required. Steam 
is mixed with the gas and heated at a low pressure to a temperature of about 
1000° C. The resulting mixture of gases is then converted into hydrogen 
by the processes applied to water gas or coke oven gas. Other gases may be 
substituted for process gas, water gas, or coke oven gas, if available cheaply. 
In one of the American plants, for instance, natural gas is used. Whatever 
may be the source of hydrogen, however, the cost of manufacture and com¬ 
pression is bound to be high. The lowest cost of hydrogen on a large scale 
and under European conditions is likely to be about 6d. per 1,000 ubic feet. 
The cost of raanutacturing hydrogen, therefore, is roughly equivalent to 
2d. per gallon of petrol produced. 

High as this charge may appear, even this figure can be realized only 
by operating on a very large scale. The amount of power required for 
compressing and circulating hydrogen, and for other purposes, also indicates 
that a big production is essential for economy. In England, it is considered 
that the economic unit should have a treatment capacity of at least 500 
tons, and preferably 1,000 tons of coal per day. In Germany, the development 
x)f the hydrogenation process is held to be linked with the ammonia industry 
so that each may benefit by the reduced price of hydrogen. 



4. Economics. 

It has been estimated by Imperial Chemical Industries that a plant lor 
hydrogenating 1,000 tons of bituminous coal per day would cost about 
£8,000,000 sterling. The cost of operating the plant, ^hen paying 12s. 6d. 
per ton for best small coal, would amount to 7d. per gallon. In order to 
attract investment in an enterprise of so speculative a nature, it would 
probably be wise to provide for liberal dividends, raising the total cost of 
production to lOd. Imported spirit is being landed in England for Is. per 
gallon approximately, including 8d. duty. It would appear, therefore, 
that the commercial application of the hydrogenation process is dependent 
upon the continued imposition of this duty and exemption from an} excise 
charges. 

The Government has been urged at times to interest itself in the estab¬ 
lishment of the industry as a means of relieving unemployment. The 
production of a 1,000-ton per day plant, however, would involve the 
Exchequer in a loss of £2,000,000 revenue per annum. The employment 
created directly or indirectly would only absorb 5,000 men approximately, 
so that the Government would be required to subsidize the industry to the 
extent of some £400 per annum for every man employed. When it is 
considered, furthermore, that the British Government and the investing 
prblic have large interests in oil companies, it is not difficult to understand 
some reluctance to invest money in hydrogenation. 

It has been stated in England that motor spirit can be produced from tar 
costing 258. per ton at the same price as frc m coal at 12s. 6d. per ton. Opinion 
appears to be growing that the hydrogenation of tar is a more attractive 
proposition than the treatment of coal. The total amount of tar produced 
in England, however, is onl} about 40,000,000 gallons per annum. Much 
of this would be unsuitable for the process, and the surplus available at 
258. per ton would not be sufficient for the operation of an economic unit. 

Hydrogenated spirit has been sold on a large scale in Germany (400 tons 
per day) at Is. 8d. per gallon retail price. Although the scale of operation 
may not be large enough for economic working as an independent industry, 
the works at Leuna and elsewhere enjoy the advantages of cheap hydrogen, 
tar, and power, owing to the fact that they are attached to synthetic ammonia 
plants. These are the conditions stated in Germany to be most favorable 
for hydrogenation. The Government has given concessions in railway 
freight to the domestic product, and a further advantage arises in the location 
of the plant remote from ports where foreign petrol is landed, but close to 
large markets and cheap supplies. Nevertheless, there is no record of the 
distributing company having made a profit, and it is reported that the Leuna 
factory was closed down for part of last year. At Oppau and Merseburg, 
a short week was introduced in order to reduce costs. Apprarently, com¬ 
mercial operation is still uncertain even under German conditions. 

No information has been published regarding operating expenses in the 
American plants. It has been stated, however, that the first works cdst 
<8,000,000 to erect, that the second cost $5,000,000, and that subsequent 
plants of this size (700 tons per day) could be constructed for $2,000,000* 
The lowness of these figures compared with the English estimate is rather 
surprising, even when due allowance is made for the extra plant required 
to treat coal. 
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5. The Prospects of Hydrogenation in Australia. 

In spite of the low cost of brown coal in Victoria, it is probable that 
hydrogenated petrol would be more cheaply produced from New South Wales 
bituminous coal. There is no synthetic ammonia industry in Australia, 
which might enable hydrogenation to be practised on a comparatively small 
scale. Nor is there any appreciable quantity of tar available for conversion 
into motor spirit. The industry, therefore, will probably need to be estab¬ 
lished, if at all, with black coal as the raw material, and on a fairly large 
scale. 

A plant with a capacity of 1,000 tons of coal per day would probably 
cost about £12,000,000 in Australia. Based upon comparative English 
estimates, the production costs, including interest charges, would probably 
amount to Is. 3d. per gallon of petrol. Imported spirit can be landed 
at Australian ports, with duty and other charges paid, at the same price or 
even a little lower. The industry would enjoy no advantage in distribution 
expenses, for moat of the product would need to be transported by sea to 
the main markets. In Australia, as in England, therefore, the successful 
application of the process, in the state to which it has been developed to-day, 
would seem to depend upon seme form of Government si^sidy. 

Admittedly, many arguments may be advanced for the establishment 
of the industry even in the face of a certain loss. As a measure for relieving 
unemployment, however, it does not appear very attractive. It is to be 
hoped, however, that by accumulated experience and research in the operation 
of high pressure processes, such economies will be made that commercial 
application will become possible in Australia. 


Ragwort Poisoning in Cattle in Victoria. 

By D, Murnane, B.VSe* 

I. Introduction. 

Earlier experiments by Gilruth (Keport of Division of Veterinary 
Science, N.Z. Dept, of Agric., 1901-2 and 1902-3), demonstrated the fact 
that ragwort (Senecio jacobaea) is toxic to horses, cattle, and sheep in 
New Zealand, and later (N.Z. Dept, of Agric. Eeport 1904) that sheop 
if fed on pasture lands almost exclusively occupied by ragwort would 
also become subject to similar pathological changes in the liver. 
Further, the Pictou cattle disease ot Nova Scotia has been demonstrated 
by Adami and others to be due to ingestion of ragwort producing chronic, 
liver changes. Although this plant is plentiful in certain parts of Vic¬ 
toria, we have not seen any authentic reports which conclusively establish 
the fact that the plant is toxic in this State. 

The purpose of this note is to record findings which incriminate 
ragwort in the South Gippsland district. 

* An officer of the OouncU'e DivlBlon of Animal Health, located at the Veterinary Research 
Institnte, ParkvUle. 
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Ill association with the Veterinary Branch of the Department of 
Agriculture of Victoria, a visit was made to a dairy farm at Toora 
where losses had occurred. It was ascertained from the owner that 
cows usually remained in good condition for about twelve months after 
arrival on the property, after which time, sooner or later they developed 
characteristic symptoms and died within three to twelve weeks. Most 
of the losses occurred during the spring months, but some deaths took 
place during the autumn. 

Cattle were frequently seen eating ragwort, which is very plentiful 
in the locality, and which seems more palatable when dry after having 
been cut. Certain animals acquired a particular liking for the plant. 
Young cattle appear to become affected more quickly than do older 
animals. The owner has had no losses in animals other than cattle. 

(i) Symptoms ,—After grazing for twelve months or more on the 
property, cattle develop typical symptoms, exhibiting dullness, loss of 
appetite, a jaundiced condition of the eyes, together with a peculiar 
staring appearance. There is loss of weight, and, in the case of 
lactating animals, a very marked diminution in the milk supply. The 
milk itself has a peculiar odour and a pronounced acrid flavour, render¬ 
ing it quite unfit for use. The affected animal frequently develops a 
scabby condition of the akin, particularly that of the udder and teats. 
In the later stages, there is impaired vision, staggering gait, per¬ 
sistent diarrhoea, a marked thirst, and progressive loss of condition. 
The milk supply ceases, food is not taken, the animal becomes weaker, 
goes down, and eventually dies—frequently in a swamp or waterhole 
into which it has wandered to quench its insatiable thirst. 

(ii) Post-Mortem Examination ,—^Aii affected animal showing 
typical symptoms was killed and examined immediately. 

The subcutaneous tissue and fat wore very yellow. There was a 
considerable excess of straw-coloured peritoneal and pleural fluid. The 
rumen and omasum were partly filled with ingesta; the reticulum and 
abomasum were empty. The large and small intestines contained a 
small quantity of fluid ingesta. The submucosa of the abomasum was 
extensively infiltrated with clear semi-gelatinous fluid—to such an 
extent that the mucous membrane was thrown into folds, and the wall 
of the organ was increased . in thickness to two inches. A similar 
condition existed throughout the whole length of the small intestine. 
In addition, the omentum and mesentery were highly charged with this 
clear, semi-gelatinous fluid, as were the whole of the mesenteric lymph 
glands, which were also rather haemorrhagic on incision. Much free 
fluid could be expressed from the incised glands. The bladder was 
empty, and the kianeys showed no abnormality. The* liver was slightly 
blue in colour, firm, and rather elastic to the touch. The capsule was 
somewhat adherent, and did not strip as readily as normally. The 
gall bladder was distended. The lungs were normal; the heart showed 
sub-endocardial haemorrhages in the left ventricle. 

Specimens were preserved and taken back to the laboratory for 
microscopical examination. 

(iii) Differential Diagnosis ,—^As some of the symptoms—^namely 
emaciation, persistent diarrhoea, decreased milk yield, normal tem¬ 
perature, impaired appetite, abnormal thirst, and exhaustion—are all 
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common also to subjects with JjDhne^s disease, scrapings of the mucous 
membrane of the intestine were taken. Subsequent microscopical 
examinations, however, failed to reveal the presence of any acid fast 
organisms indicative of Johne's disease. 

(iv) Microscopical .—In the liver there was congestion beneath the 
capsule, which was definitely thickened, with fibrous processes invading 
liver tissue, both inter- and intra-lobular, and in the region of the 
portal canals. Other organs were normal 

(v) Diagnosis .—From the history, symptoms, post-mortem, and micro¬ 
scopical findings, it was concluded that the condition was that of chronic 
ragwort poisoning. 


2. Feeding Experiment. 

In order to confirm this finding, it was decided to obtain supplies 
of r^wort from this Gippsland property, and to feed it to a bovine at 
the veterinary Eesearch Institute. 

A young bull received 336 lb. of the semi-dried flowering plant in 
daily doses extending over a period of six weeks. During the fourth 
week, the animal became visibly affected, and developed a marked thirst 
and persistent diarrhoea. By the fifth week, he was showing loss of 
condition, loss of appetite, profuse diarrhoea, and increasing thirst. 

At the sixth week, the animal became prostrate and unable to rise, 
waa dull, very much tucked up,” and refused all food. At the end of 
the sixth week, death took place. 

(i) Post-Mortem Examination .—Such an examination was made 
immediately. 

The only abnormalities were highly congested mucous membranes of 
abomasum, large and small intestines, with considerable gelatinous infil¬ 
tration of the submucosa of abomasum and intestines. The liver was 
mottled and slightly tough to the touch. 

(ii) Microscopical Appearance of Liver .—Although there appeared 
to be some increase in the amount of fibrous tissue present, there were no 
gross changes in the organ. 


3. Conclusions. 

Ragwort in the Gippsland district of Victoria is toxic to cattle, and 
apparently is responsible for losses in dairy herds in that locality. 

The post-mortem findings very closely resemble those of ragwort 
poisoning described by Gilruth in New Zealand. 

Eradication of the plant is recommended. Where this is not possible, 
the infested areas may be stocked with sheep, which, according to 
Gilruth’s experience in New Zealand, can be utilized to eradicate the 
weed. Sheep suffer little effect from the toxic principle of ragwort save 
in cases where the pasture is almost entirely supplanted by the weed, 
and when the animals are so fed for prolonged periods. In any case, 
sheep can be sold and replaced each year, which would not be practicable 
with dairy cows. 
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Caseous Lymphadenitis Investigations. 

I. Infection Experiments. 

By D, Murnane, BV.ScJ^ 

Extensive observations, involving the manual examination of many 
thousands of sheep in different parts of Victoria during the past few 
years, have indicated that the percentage of infection is very much 
higher in machine-shorn than in blade-shorn sheep. 

The suggestion has been put forward by various workers that in 
the case of machine-shorn sheep the greater degree of w^ounding—pre¬ 
sumably with contaminated combs and cutters—has been responsible 
for the higher rate of infection. Others have expressed the opinion 
that, although the machine-shorn (and hence more seveu-ely wounded) 
sheep seem to contract infection more readily than blade-shorn animals, 
the actual inoculation of the wounds may not be commonly by means 
of contaminated shearing hand-pieces. Earlier experiments conducted 
hy us on an infected property in Victoria (see this Journal, 4: 135, 1931) 
lend some support to this latter view. 

Subsequently, Seddoii and Belschner (Agric. (taz. of N.S.W,, 43: 
525, 1932) recorded details of an experiment which, they consider, gives 
< 3 very indication that the infection takes place in the counting-out 
pens and yards after shearing. 

With the idea of investigating this point further, it was decid(‘d, 
at the suggestion of Dr. Gilruth, to carry out a further experiment at 
the above-mentioned infected Victorian property. Guinea pigs were 
used in the tests, as these animals arc undoubtedly much more susceptible 
to caseous lymphadenitis infection than are sheep. 

(i) Experiments in Counting-out Fens and Yards, 

Group 1: 52 guinea pigs were transported to the property on the 
20th October, 1932, immediately shearing operations had ceased. Each 
animal was closely clipped over the withers,^' and two triangular flat- 
type wounds, with sides about ^ inch in length, were made with sharp 
scissors in the clipped area. After bleeding had ceased, the animals 
were placed in a recently used small counting-out ” pen, beneath a 
large 6 feet x 4 feet fly-proof cover, and were allowed to run about. 
They remained in the pen for eight hours, <luring which time the dust 
was kept stirred up by flopping the surface of the pen with a sack. 

The animals were then removed, replaced in separate tins with fly- 
proof covers, and brought back to the laboratory. The surface dust 
from the adjoining counting-out pen was swept up and also brought 
back to the laboratory. This material was used for treating further 
groups of animals. 

Group 2: 25 guinea pigs were similarly clipped and wounded, and 
rather freely dusted with the counting-out pen sweepings. Each animal 
was then placed in a separate tin with fly-proof lid. 

* An officer of the Dlvlaion of Animal Health, and located at the Veterinary Research Institute, 
Parkrille. 
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Group 3: 25 guinea pigs received similar treatment to those in 
Group 2. 

Group 4: 25 guinea pigs received treatment similar to those in 

Group 2, except that the dusting was very light. 

Nine days after exposure to infection, 2 animals of Group 1 died; 
within seven days of exposure to infection, 13 animals of Group 2 died; 
within six days of exposure to infection, 8 animals of Group 3 died; 
and within six days of exposure to infection, 11 animals of Group 4 died. 

Post-mortem examinations were made. No internal lesions were 
found. Deaths were apparently due to septicaemic conditions. From 
the heart blood of some of the dead animals, growths of gram-positive 
cocci and gram-negative bacilli were obtained. 

Six weeks after exposure to infection, the remaining animals in each 
group were killed and subjected to careful post-mortem examinations. 

Results. —The results were as follow:— 

Group 1: 50 animals remained—no lesions. 

Group 2: 12 animals remained—no lesions. 

Group 3: 17 animals remained—no lesions. 

Group 4: 14 animals remained—no lesions. 

Comment. —While it would be necessary to confirm the above findings 
by further tests before arriving at any definite conclusion, it would 
appear that the dust in the counting-out pens is not a serious source 
of infection, at least for the guinea pig, although this animal is much 
more liable to contract caseous lymphadenitis than is the sheep. 

{ii) Experimenis with Surface Soil from Sheep Camps on Affected 
Properties. 

Surface soil from sheep camps on each of three affected properties 
was obtained. In each case, the soil sample consisted of surface dust 
taken from several camps on different parts of the property. 

Group 1: 8 guinea pigs, each of which had previously received a 
dose of 100 units of veterinary tetanus antitoxin, were closely shorn 
over the withers. Each received two triangular flap-type wounds, about 
^ inch long, extending through the skin and into the subcutaneous tissue. 
The powdered surface soil from C.’s property was dusted over the 
wounds; the animals were then placed in separate fly-proof containers. 

Group 2: 8 guinea pigs received similar preliminary treatment, and 
were dusted with soil sample from E.’s property, and were placed in 
separate fly-proof containers. 

Group 3: 8 guinea pigs received similar preliminary treatment, and 
were dusted with soil from J.’s property, and were placed in similar 
containers. 

Within a few days of treatment, two animals of Group 1, one of 
Group 2, and one of Group 3, died. (Owing to the absence of the writer, 
no post-mortem examinations were made.) 

Seven weeks after treatment, all animals were killed, and careful 
post-mortem examinations were made. 



113 


Results. —The results were as follow:— 

Group 1: 6 animals—no lesions. 

Group 2 : 7 animals—one showed a large abscesa in the spleen, 
from which a pure culture of a gram-positive coccus was 
obtained. One showed several small nodules in the spleen, 
from which pure cultures of (a) a gram-positive coccus, 
and (b) a gram-negative bacillus were obtained. 

Group 3: 7 animals—^no lesions. 


2. Infection Tests with Accumulated Faeces from Shearing Sheds where 
Caseous Lymphadenitis is frequent. 

By H. R. Came, B.VSc. 

{From the Pathology Department, P. D, McMaster Animal 
Health Laboratory.) 

Supplif‘s of faeces Avere obtained from the counting-out pens of the 
shearing sheds on three properties, on which a considerable incidence of 
caseous lymphadenitis was known to occur in adult sheep which had 
been on these properties since birth. Care was taken to collect faeces 
from pens in which they were sheltered from direct sunlight, as it is 
known that the latter destroys Corynebacterium preisz~nocard\ in a 
few hours. 

Sample A was tested on 20 guinea pigs. 

Sample B was tested on 20 guinea pigs. 

Sample C was tested on 30 guinea pigs. 

Ten guinea pigs were used as controls. 

The experiment Avas carried out in the following manner:— 

Guinea pigs were run separately in cages made from new kerosene 
tins. These cages, in addition to having Avire-netting tops, Avere covered 
by a fine mesh cheese-cloth, and thus rendered fly-proof. In order to 
protect the guinea pigs from infections by pathogenic anaerobes, which 
commonly occur in faeces, each animal, except the controls, received 
1.0 cc. of a mixture of antisera prepared against B. welchii, Vibrion 
septique, B. oedematiens, and B. tetani. The following day, each guinea 
pig was clipped over the withers, and two V-shaped wounds about 1 to 
1.5 cm. long were made in the skin over the withers. Several hours 
later, when bleeding and exudation from these wounds had ceased, the 
sample of faeces to be tested, after having been reduced to a coarse 
powder by passing through a fine mincing machine, was dusted freely 
on to the surfaces of the wounds and gently rubbed well under the flaps 
of skin. The floor of the cage in each case was covered with a layer 
of the same ground-up faeces to a depth of about i inch, and this layer 
was renewed twice weekly when the cages were cleaned. The mash 
and green feed on which these animals were fed were dropped on to the 
floor of the cage, there being no containers to prevent the food becoming 

♦ Leetnrer in Veterinary Pathology and Bacteriology, tJniyereity of Sydney, 
t Also referred to as the ** bacillus of Freisz-Kocard," or the Freisz-Nocard bacillus.** 



114 


contaminated with the powdered faeces. It was thought that, by doing 
this, opportunities of infection by ingestion would be added to infection 
through the wounds. 

The process of wounding and contaminating wounds with faeces was 
repeated on each guinea pig fourteen days after the first wounding. 
Animals were then kept for one month, when all were killed and 
submitted to a detailed post-mortem examination. 

The ten control animals received no antisera, nor were their wounds 
dusted with faeces. The floors of their cages were covered with sawdust. 
Otherwise, they were kept under the same conditions as the test guinea 
pigs, and were wounded twice at the same time as these. 

Particular care was taken to keep the animals fly-free, and when 
the cages were being cleaned twice weekly, the attendant, after disinfect¬ 
ing his hands, placed the guinea pig whose cage was to be cleaned into 
a clean cage with a layer of sawdust on the floor moistened with disin¬ 
fectant. STo disinfectant was used in the experimental cages, which 
were merely scrap<‘d out and a fresh supply of ground-up faeces sprinkled 
on the floor. 

Tell guinea pigs died during the course of the experifnent, eight 
amongst the experimental lots, and two controls. In only one of these 
were any lesions found which bore any resemblance to those produced 
by C. preisz-nocard. This was a guinea pig in one of the; experimental 
lots which accidentally strangled itself on the seventh day after the 
second dusting by becoming entangled in several loose strands from the 
cheese-cloth cage covering. On post-mortem examination, the wounds 
were found to be almost completely healed, and showed no evidence 
of any undue inflammation. The tissue beneath the wounds appeared 
quite normal, but the right axillary lymphatic gland was enlarged to 
about twice its normal size, and was firm and juicy. No abscesses could 
be detected in its substance, but on culturing pipettes of material taken 
from the pulp, a mixed culture of diphtheroid bacilli was obtained. One 
of these organisms was morphologically identical with C, preisz-nocard, 
but on cultural examination it proved to be different. This animal was 
quite lively and strong before it was killed. 

The other 60 guinea pigs remained in vigorous health throughout^ 
and on post-mortem examination a detailed examination of all the 
lymphatic glands and organs failed to reveal any sign of abnormality in 
any case, apart from one or two parasitic lesions in the liver. Tho 
wounds, in spite of gross contamination with faeces, appeared to heal 
rapidly in all cases, and a careful examination of the subcutis beneath 
the wounds failed to show any pathological changes, nor while the 
animal was alive was definite suppuration detected in any wound during 
the process of healing. 

This experiment thus failed to detect the presence of (7. preisz-nocard 
in the three samples of faeces tested. 

Note. —The faeces used in these experiments were collected from 
pens underneath the shearing shed which were protected from direct 
sunlight. One lot was rather dried up; the others still contained some 
moisture. The exact date of collection after shearing is not known^ 
but it must have been a matter of a couple of months. 
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3. Percutaneous infection of Ouinea Pigs and Sheep with Caseous Material 
from Natural Lesions of Caseous Lymphadenitis. 

By H. R, Came, BVSc^ 

{From the Pathology Department, F, D, McMaster Animal 
Health Laboratory,) 

Four guinea pigs were clipped over the withers with scissors, great 
care being taken not to injure the skin in any way. The clipped area 
was then gently inuncted with fresh caseous material from a natural 
lesion on a sheep. By cultural examination, this lesion was found to 
contain numerous Cory neb act erium preisz-nocard in purity. The 
material was gently rubbed in with the smooth rounded end of a small 
glass pestle. 

Five days later, three of the guinea pigs showed some dried serous 
exudate on the surface of the skin over the inuncted area. The pre^ 
scapular and axillary lymph glands draining the treated area appeared 
normal on palpation. These changes in the skin disappeared in the 
course of a few days in two of the pigs, but in the third, loss of hair 
over the affected areas, followed by the formation of small discrete 
abscesses in the skin and subcutis occurred. One of these abscesses 
ruptured on the 11th day, and another on the 27th, but several others 
persisted up to the 46th day, when this animal was killed. 

Enlargement of the axillary and/or prescapular lymph glands was 
observed in three animals. The earliest glandular involvement was 
observed on the eleventh day, but all three animals showed abscesses in 
prescapular or axillary lymph glands on one or both sides by the third 
week. 

One guinea pig died on the 33rd day, and the remainder were killed 
on the 46th day. In all but one animal, which appeared quite healthy,, 
well developed abscesses containing numerous G. preisz-nocard in a 
state of purity were present. 

Percutaneons Infection, —The following results were obtained, the 
experimental sheep being treated similarly to the guinea-pigs:— 

(a) With Corynebacterium preisz-nocard. 

Culture alone .. Sheep, —One lamb did not become infected. 

Guinea Pigs ,— 

Chilture in lanoline . . Sheep, —One lamb developed two small 

nodules in the skin. No glandular lesions. 

Guinea Pigs .— 

C^aseous material from Sheep, —One lamb did not become infected, 
natural lesions .. Guinea Pigs. —Three out of four became 

infected. 

(&) With Corynebacterium pyogenes. 

Culture alone .. Sheep. —One lamb did not become infected. 

Guinea Pigs. —Two guinea pigs did not 
become infected. 

Culture in lanoline .. Sheep, —One lamb did not become infected. 

Guinea Pigs. —Two guinea pigs did not 
become infected. 


Lecturer in Veterinary Pathology and Bacteriology, University of Sydney. 
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The Manganese Content of some Australian 

Timbers. 

By W, E, Cohen, BSc.* and A. B. Jamieson, A/.5c.* 

I. Introduction. 

The element, manganese, is known to be distributed universally 
tlirouglioiit the plant kingdom and to fluctuate more in amount than do 
most of the other elements that may be found in plants(1). It generally 
reaches its highest concentration in the leaves and seeds. Many theories 
have been advanced with respect to its function, but it is not intended to 
discuss them in this paperf. 

Gossl(2) found that swamp plants and water plants, in general, 
contain more manganese than do dry land plants, and that the evergreens 
have a greater quantity than the deciduous trees. It has been stated 
that the total amount of this element in the plant will vary with the 
nature of the soil, although Kleinstuck(3), who examined the leaves, 
bark, and wood of the more important European trees, fouifd its occur¬ 
rence to be quite arbitrary, i.e., without any relation to the locality, 
the soil, or the age of the tree. 

The manganese contents of the ashes of various timbers have been 
recorded from time to time. Amounts up to as much as 3 per cent., 
estimated as Mn 304 , have been found in the ash of oak, 4.85 to 7.74 per 
cent, in that of beechwood, and 10 to 18 per cent, in that of birch. 
However, in some cases, much lower values are found in these woods. 
Dittman(4) found that the stemwood of beech was much richer in man¬ 
ganese than the branchwood. The highest recorded value for man¬ 
ganese (Mn804)—in the ash of Abies pectinata —was 40 per cent. 
Kleinstuck(3) has recorded the manganese content as mgms. of man¬ 
ganese per 100 grams of completely dried material as follows (see 
Table 1)’ 


Table I.—Showing the Manganese Content of the Leaves, Bark, 
AND Wood of the More Important European Trees. (Mgms. of 
Mn. per 100 QMS. OF Completely Dried Material.) 


Tree. 

Stem Wood. 

Bark. 

Leaves or 
Needles. 

Pine 

9-2 

53-1 

161 

Fir 

11 

111 

27*6 

P. sylveshs 

11-9 (pith) 

17'2 

36*0 

Larch 

18-9 (pith) 

4*4 

74*8 

Oak 

0.03 (pith) 

28-0 

41*6 

»> • • • • • • 

4*4 (sap) 

.. 


Red beech 

16-4 

112*0 

94*6 

Hornbeam 

8'0 

346*2 

168*2 

Birch 

0*7 

6*6 

67*0 

Maple 

1-3 

12*6 

90*3 

Linden 

1-7 

11*0 

10*3 

-Ash 

0-8 

3*1 

1*8 

Alder 

1-2 

7*7 

3*7 

-Poplar 

21 

12*6 

6*4 


• Officers of the Division of Forest l*roduct8. 

t It might be mentioned, however, that an interesting instance of the effect of a lack of 
manganese occurs in South Australia, where in certain parts barley cannot be successfully grown 
until the soil has been given a small application of manganese sulphate. 
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With reference to Australian timbers, Baker and Smith(5) recorded 
tho manganese content of the ashes of a number of Australian pines^ 
and discussed the association of this element with the exudations from 
these trees. They stated that for all the conifers of Australia that 
they had tested, the element proved to be a necessary constituent for 
the best growth of the trees. Sinipson( 6 ) observed that the ash of 
salmon gum {Euc. salmonophloia) is unusually rich in manganese, the 
ash of the branches containing over 3 per cent. Mn 304 , while that of 
the main trunk contains 2.5 per cent. Tuart (E. gomphocephala) con¬ 
tains about 1.5 per cent., while karri (J^. diversicolor) and jarrah 
{E, marginata) contain less than 1 per cent, expressed as a percentage 
of the asn. 

2. Recent Observations of the Occurrence of Manganese in Australian 

Timbers. 

(i) T'asmanian Myrtle (Nothofagus cunninghamii), —During the 
determination of the alkalinity of the ash (7, 8 ) involved in a study of 
chemical differences between the sap wood, intermediate wood, and true- 
wood of Tasmanian myrtle {Nothofagm cunninghamii) y a high percent¬ 
age of manganese was suspected, for on the dissolution of the ash in 
dilute acid there developed a pink colour which interfered with the back 
titration of the excess acid using phenolphthalein indicator. 

A procedure, briefly described below, was employed in order to 
determine the manganese content of samples of sapwood, intermediate 
wood and truewood taken from three cross sections of the bole of a 
tree, viz., butt, mid-log, and top. The results were expressed in 
terms of milligrams of ^ 0,04 per 100 grams of oven-dried (105° C.) 
v70od. This method of expression has been adopted because experience 
has shown that results expressed as a percentage of the ash are incon¬ 
sistent, and cannot be duplicated with any great measure of accuracy. 
The manganese contents of the sapwood and intermediate woods were 
found to be much the same, varying from 10.7 mgms. to 14.9 mgms., 
these extremes both occurring in the intermediate wood. In the same 
tree, the truewood contained from 6.4 to 9.4 mgms. On the examina¬ 
tion of two further cross sections taken from another and larger tree, 
the manganese content of the sapwood and intermediate wood ranged 
from 4.53 to 6.23 mgms., while that of the truewood varied from 1.88 
to 4.45 mgms. Although little value can be placed on results expressed 
as a percentage of the ash, the following figures are quoted in order to 
afford a comparison with figures for other woods already expressed in 
this manner. In the first tree, the manganese content of the ash of the 
sapwood and intermediate wood varied from 2.4 to 4.7 per cent., while 
that of the truewood ash ranged from 2.7 to 4.5 per cent. In the second 
tree the ranges were from 0.8 to 1.1 per cent, in the ash of the sap and 
intermediate woods, and from 1.1 to 1.9 in the truewood ash. 

With reference to the supposed relation of manganese to the 
extraneous materials contained in some woods, the following results are 
of interest. The wood of Tasmanian myrtle is found in two types, the 
white and the red. The trees producing these two different types of 
wood may grow alongside one another. Samples of the white type 
were found to contain from 7.55 to 8.50 mgms. of manganese per 100. 
grams of oven-dried wood, while those of the red type were found to 
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T 9 .ry from 5.53 to 11.45 mgms. From this, it would appear that the 
manganese is not directly associated with the colouring substance in the 
red wood. 

(ii) Eucalyptufi crebra and Eucalyptus salmonophloia* —Macro¬ 
scopic and microscopic studies of true wood samples of a number of 
<5oloured woods of the genus EucalyptiLs(9) have revealed that the 
woods of narrow-leaved iron bark (E. crebra) and salmon gum {E, 
salmonophloia) are in some instances difficult to separate by such 
examinations. Chemical studios have been undertaken in order to afford 
some definite means of separating these two woods, and, in view of 
Simpson’s observations on the unusually high manganese content of 
salmon gum(6), determinations of manganese in triiewood samples of 
these two woods were made. In ten samples of E. crebra, the 
manganese content varied from 0.94 to 3.05 mgms. of Mn 304 per 
100 grams of oven-dried wood (or from 0.3 to 2.1 p(*r cent, of the ash). 
In the twelve samples of E. salmonophloia examined, the manganese 
content was found to vary from 2.59 to 40.2 mgms. (or from 0.5 to 6.6 
per cent, of the ash). In each species, all samples were obtained from 
butt logs of different trees. Although the results showed that the 
manganese content was not a reliable diagnostic feature, they served 
to indicate the extensive variation that may be expected in a species, 
and hence the danger of quoting results based on the examination of 
too few samples. Most of the ashes of E, salmonophloia samples con¬ 
tained less than 1 per cent, of Mn 304 , and except for two cases, i.e., 
6.6 and 4.4 per cent., the manganese content of this wood was not 
unusually large. 

(iii) Occurrence in other Eucalypts, —The closely related woods 
of the ironbarks, E, sideroxylon, E. siderophloia, E, crebra, E, pani~ 
culata, and E, fergusonii, and of the grey gums E, propinqua and E. 
punctata have been studied by means of a standardized qualitative 
procedure with the object of indicating any unusual occurrence of one of 
the elements generally found in wood. Manganese has been shown to be 
pj*cscnt in all these woods; to a small exten-t in the woods of E. sider¬ 
oxylon, E, siderophloia, E, crebra, and E, paniculata, to a somewhat 
greater extent in the woods of E, propinqua and E. jmnetaia, and to a 
still greater extent in the wood of E, fergusonii. At a later date it is 
proposed to examine these woods quantitatively with the object of 
using the determination as an aid to identification. 

3. Procedure Employed for the Determination of Manganese. 

The determination of manganese was carried out in duplicate in the 
following manner:—Five to 10 grams, of oven-dried wood splinters 
(amount depending on the species) were weighed accurately into a 
platinum dish. The wood was ignited for one hour at about 600‘^C., 
the position of the duplicate samples in the muffle furnace being reversed 
ut the end of the half-hour in order to ensure a uniform air supply. 
The ash was cooled in a desiccator, moistened with water, and a few 
drops of concentrated sulphuric acid, followed by 1-2 cc. of hydro¬ 
fluoric acid, were added. The dish and its contents were heated, very 
-cautiously at first, later more strongly, and fiinally the sulphuric acid 
was fumed off. This treatment was repeated, care being taken not to 
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continue heating after fuming had stopped, as the more difficultly 
soluble oxides could be formed. The above process removed all silica, 
some of which has been shown to occlude manganese compounds (10). 

Concentrated sulphuric acid (2.5 cc.), glacial phosphoric acid 
(0.5 cc.), and water (10 cc.) were then added, and the dish and its 
contents heated on a boiling water bath until all the material was 
dissolved. The whole was transferred to a 100 cc. beaker using suffi¬ 
cient water to have approximately 50 cc. of solution, i.e., 6 per cent, 
•of acid present(ll). Potassium periodate (0.3 gram.) was added, 
the solution boiled for 2 minutes and then heated on the boiling 
water bath for 20 to 30 minutes. After cooling, the solution was 
made up to 50 or 100 cc., depending on the colour obtained, and 
compared in the colorimeter with a standard solution of potassium 
permanganate prepared by the oxidation, in a similar manner, of 
manganese sulphate. Blank determinations were made on every 
occasion, but were entirely negative. 

4. Suminary of Results. 

The study of samples of Tasmanian myrtle {Notliofagus cunning- 
handi) lias revealed that, in any one tree, there exist diiferences in 
manganese content between saj^ and intermediate wood on the one hand, 
and triiewood on the other. These differences are not constant for the 
species, e.g., in two trees the manganese content of the sapwood of one 
may not be very different from the content of the truewood of the other. 
This indicates an irregular occurrence of the element, but it may he 
stated that manganese can occur in faiidy large (juantities in this 
timber. 

A similar irregular occurrence was observed in the case of some 
samples of salmon gum (E. salmonophloia), but in most cases the 
content could be described as a normal quantity. If the irregular occur¬ 
rence of manganese in these species is typical, the possibilities of using 
the determination of the element as a diagnostic feature are very remote. 
The examination of Australian timbers to date has supported the state¬ 
ment that manganese is of universal occurrence in timber. 
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Compression Wood in Hoop and Bimya Pine. 

By H. E. DadsWeli MSc,, and /. Langlands, B.E,E* 

1. Introduction. 

In the work of the Division of Forest Products on the better 
utilization of Australian timbers, a recent problem connected with blind 
rollers made from hoop pine (Araucaria cunninghamii) and bunya pine 
(Araucaria bidwillii) is of general interest. A number of these rollers, 
which were mainly 39 to 42 inches in length, and 16-16 inch in diameter, 
showed a definite bend or spring sufficient to render them unfit for 
service; such faults developing after the articles have been manufactured 
form a definite source of loss to the manufacturer, and this loss is suffi¬ 
cient to prevent competition with imported rollers. In order to reduce 
or eliminate this source of loss, the Division was requested by the manu¬ 
facturer concerned to investigate tJie causes of such bending in the 
rollers. 

The bend was found to be due to a greater longitudinal shrinkage of 
the wood on one side of the roller. There are several possible causes 
for this shrinkage, of which the following were considered the most 
probable under the circumstances:— 

(1) The presence of sloping grain. In a piece of wood with 

sloping grain, i.e., in a sample in which the grain does 
not run parallel to the long axis in all parts of the piece, 
there may be an apparent longitudinal shrinkage which is 
in reality a component of transverse shrinkage. When 
sloping grain is present to any extent in a board or stick 
which is subsequently dried, transverse shrinkage will 
exert an infiuence on the length of the piece, and bending 
will result if the sloping grain is localized on one side. 
In the case of a number of rollers examined, the bending 
was due to such a cause. If care is exercised in milling 
and manufacture, bad shrinkage effects due to sloping 
grain should be eliminated before the article is completed. 

(2) The presence of growth abnormalities in the wood. A com¬ 

mon abnormality, which causes excessive longitudinal 
shrinkage, is known to saw-millers of the Northern 
Hemisphere as compression wood. The longitudinal 
shrinkage (i.e., shrinkage along the grain) of normal wood 
is comparatively small, and ranges from 0.1 to 0.3 per cent, 
when the timber is brought from a green state to the 
oven-dry state. However, cases have been observed in 
which the shrinkage along the grain was abnormally 
large—in one case up to 5.78 per cent.(l). These casea 
of abnormal shrinkage have been shown to be due to a 
peculiar type of wood called compression ” wood. Thus,, 
if bands of compression ” wood were present on one side 
of a board, and drying occurred, one would naturally expect 
the longitudinal shrinkage to manifest itself, and to cause 
the bending of the board. 


* OfflceiB of the Dlvlsloii of Forest Froducto. 
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Some dark bands of wood were present in many of the rollers 
examined, and it was considered probable that these were indicative of 
compression ” wood. Before describing tests by which such impres¬ 
sions were confirmed, it will be advantageous to consider what is known 
of compression ” wood, its formation, and its properties. 

2. Description of Compression Wood. 

Australian timber users, in general, are not familiar with compres¬ 
sion wood, although they have probably noticed the irregular and dense 
bands of wood in pines, spruce, hemlock, and redwood. The name given 
to these denser bands of abnormal wood has been based on the fact that 
they are found commonly on the lower or compression side of branches 
and leaning trees(2). Other names which refer to this abnormal wood 
are rotholz ” (redwood), proud wood,’’ “timber bind,” and “hard 
grain.” According to Burns(3), it is generally accompanied by 
eccentric growth, and this has been substantiated by observations on 
Northern Hemisphere conifers. 

The formation of compression wood was explained in general by 
Burns(3) as being due to one or more of the following causes:— 

(1) The wind, which acts as a mechanical stimulus resulting 

In a compression on the leeward and a tension on the 
windward side, the tree forming its greatest growth as well 
as compression wood on the compression side. 

(2) Differences in illumination on north and south sides. 

(3) Differences in branching, and hence better nutrition on the 

branched side. 

(4) Gravity acting as a stimulus. 

Experiments in which compression wood was artificially produced 
in small trees were carried out by Burns, and as a result its production 
was considered to be a response to gravitational stimulus. 

Busgcn(4) states that in cases of artificial production by the bending 
of branches or stems, the concave side of the bend is compressed, the 
convex side is under tensile strain, and the pressure acts as a stimulus 
to the formation of compression wood. The same stimulus is also 
considered to be the cause of its formation on the compression side of 
trees exposed to the wind. However, in a leaning tree, the formation 
of compression wood is generally ascribed to gravitational stimulus, and 
this could account for its presence on the underside of branches and 
leaning stems. 

While its occurrence is fairly common in softwoods or coniferous 
woods, i.e., the spruces, firs, pines, hemlocks, and other species of the 
Northern Hemisphere, the same type of structure has not been reported 
for the hardwoods (oaks, ashes, hickories, eucalypts, &c.). Although up 
to the present it has not been reported, abnormal growth of the same 
nature as “ compression ” wood does occur in the trees of Australian 
coniferous species. For this reason, a brief resume of the known proper¬ 
ties of compression wood is given below, and this necessarily refers to 
observations made on coniferous timbers of the Northern Hemisphere. 

The most outstanding property of compression wood is its tendency 
to shrink along the grain to a much greater extent than normal wood, 
thus causing bowing, splitting, and twisting in boards containing it. 
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On an end section of a log or board, it is generally recognizable* by the 
rather wide growth rings containing a large proportion of dense late 
wood which is darker in colour. This greater width of growth rings, 
in comparison to that of normal wood, is accompanied by eccentric 
growth. That is to say, on the compression side of the log, the distance 
from pith to bark is greater than on the other side. This is demon¬ 
strated in Fig. 1.* Sometimes, there is no clear line of demarcation 
between compression wood and normal wood, and the two grade into 
each other imperceptibly. Thus, no fixed value for the longitudinal 
shrinkage of compression wood can be found, although, for species 
examined, it is greater than 0.3 per cent., and often as much as 1 per 
cent, and more. 

The compression wood is generally much denser than the normal 
wood of the same growth ring, and in comparison with normal wood 
from the same tree, its mechanical properties are variable, oven when 
allowance is made for the difference in density. It has been assumed 
that the wood formed in response to compression should be specially 
strong in compression, and that tension wood should similarly excel in 
tensile strength, yet various figures have appeared from time to time # 
which appear to show that this is not necessarily the case(5). The 
relative properties of normal wood and compression wobd apparently 
differ greatly with the species, the property under consideration, the 
moisture content, and the severity of compression wood. As far as 
can be judged on available data, compression wood is deficient in 
modulus of elasticity, i.e., it has a low stiffness, in comparison with 
normal wood; even when higher in strength, it also shows a brittle 
fracture when tested in cross bending. 

Under the microscope, there are several features which are indica¬ 
tive of compression wood. The cells are nearly circular in cross section 
in comparison with the typical rectangular or polygonal shape of the 
cells of normal wood, and in addition they are often separated by 
intercellular spaces instead of being completely joined one to another(6). 
Microscopical examination of longitudinal sections also reveals the 
presence of spiral checks or striations in the cell walls of the tracheids 
of the compression wood(6). Such spiral checks are not present in 
tracheid walls of normal wood. 

While the amount of softwood timber containing compression wood ia 
a considerable proportion of the total amount milled in America, that 
causing serious trouble in utilization is readily recognizable(2). It is 
thus eliminated as far as possible in building construction, or in other 
places where its excessive longitudinal shrinkage may cause trouble 
(such as in the bowing or sagging of beams, in bending, splitting, and 
twisting of boards, or in any product where the use requirements are 
exacting). 


3. Compression Wood in Australian Timbers. 

While the Division of Forest Products has not yet made a definite* 
survey of the occurrence of compression wood in Australian pines, it 
has been recognized that it may be fairly common. For instance, 
certain boards of hoop pine are known to spring right out of the drying 
stacks; others twist and warp in drying; and others develop a pronounced 
bow. These characteristics in softwoods are typical of timber containing 


* flee Plate I. facing page 124. 
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compression wood. It is also known that millers express a preference 
for hoop pine logs from straight trees growing in flat sheltered areas, 
while the timber from trees growing on hillsides is disliked. They have 
no reason for such preference, except that the timber behaves better in 
milling and drying. Logs from certain hillside trees often show eccentric 
or off-centre growth, and timber from these logs misbehaves badly 
during milling and drying. 

It is apparent, therefore, that many products made from Australian 
pines may contain compression wood, and this is likely to cause 
trouble in those products in which requirements are exacting. Thus, 
in the case of the blind rollers, where straightness is essential, many 
were found to be bent owing to the presence of bands of compression 
wood. This was recognizable macroscopically on the longitudinal face, 
although it was not easy to distinguish on the cross section, owing to the 
small area available for examination. A microscopic examination of 
the dark-coloured bands of wood definitely confirmed the opinion that 
it was compression wood, as the cells on the cross section were circular 
in shape, intercellular spaces were common (see Fig. 2), and spiral 
checks were observed in the cell walls of the tracheids (see Figs. 3 and 4). 
The longitudinal shrinkage of the dark band of wood was also deter¬ 
mined, and found to average 1.5 per cent, in comparison with 
approximately 0.1 per cent, shrinkage for normal wood. 

It is of interest to note that a blind slat of New Zealand white pine 
examined by the Division also showed a definite bend, due to the presence 
on one side of a distinct band of compression wood, which was darker 
in colour than the normal wood in the same slat. Here, again, micro¬ 
scopical examination revealed the typical characteristics of compression 
wood, the line of demarcation between normal and compression wood 
being very marked, while the longitudinal shrinkage of the compression 
wood was much greater than that of the normal wood. 

A piece of hoop pine 4 inches x 4 inches in cross section, which was 
received from New South Wales for experimental purposes, showed a 
definite band of compression wood, approximately 1^ inch in width 
on the quarter face. This had caused a distinct bend in the length of 
the piece, due to greater longitudinal shrinkage. In Fig. 5, the general 
appearance of this band of compression wood on a freshly cut cross 
section is shown. In this sample, there was abundant material for 
several comparative tests. The basic density of samples from both 
wmpression wood and normal wood was determined according to 
standard procedure (on basis of oven-dry weight in grams and volume 
in c.c. when soaked to maximum volume) with the following results:— 

Normal wood — Basic Density* 

Average of five determinations on wood 

from different areas .. .. 26.8 Ib./cu. ft. 

Compression wood--" 

Average of two determinations on wood 
from different areas .. .. 35.5 Ib./cu. ft. 

The compression wood was, therefore, 1.33 times as dense as the normal 
from the same stick. The basic density of the normal wood was within 
the recorded range for samples of this species, namely, 26-34 Ib./cu. ft. 
(average 29 Ib./cu. ft.). 
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The toughness of sticks taken from both normal and compression 
wood was determined according to standard procedure. Four sticks 
of each kind of wood were tested, the average moisture content of each 
stick being 15 per cent. The toughness of the compression wood was 
higher (40 incli-lb./cu. in.) than that of the normal wood (28 
inch“lb./cu. in.), but was not as high as would be expected from its 
greater density(7). Each of the four sticks of compression wood showed 
a distinct brittle failure in comparison with the more splintering failure 
of the normal wood. The greater longitudinal shrinkage of the com¬ 
pression wood was also demonstrated. 

4. Conclusions. 

From the few tests carried out, it is apparent that the compression 
wood found in Australian pines is similar in appearance, properties, 
«rid structural charac'teristics to that of the softwoods of the Northern 
Hemisphere. Thus, it is well for timber users to take note of its 
existence, and of its characteristic properties. For many purposes, 
its presence does not seriously affect the timber, but for any application 
in which requirements are exacting, it should be eliminated. This can 
best be done by careful selection. It is preferable to examine the freshly 
cut cross sections of logs, and to determine as fur as possible the extent 
of compression vood, if any, in these logs. When milling for special 
products, the areas containing compression wood can be avoided, but 
boards which contain such wood need not be considered waste, as 
slightly bowed or twisted pieces are quite satisfactory for many uses. 
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Fig. 1.—A cross section 
of a spruce log showing 
eccentric growth and bands 
of compression wood—the 
dark wide bands on the 
lower side. 



Manual /or the Inapeotion of Aircraft Wood 
and Qluefor the U.S» Navy, p. 20]. 


Fkj. 2.—A cross section 
of Araucaria btdvjiUi (Bunya 
Pine) mngnified 100 times— 
the upper cells are thick- 
walled, rounded in shape and 
in many cases separated from 
each other by intercellular 
spaces which can be readily 
seen, these featuies are 
typical of compression wood 
—the lower cells are more 
typical of normal wood, 
being large and angular in 
sha|)e. 
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Fi<}. nwlial section of 

Araucaria bidwilU (Bunya Pine) 
normal pine wood, showing 
arrangement of pits. 100 X 
cf. Fig. 4. 



Fin. 4.—A radial section of 
Araucariabidwilli (Bunya Pine) 
showing spiral checks ir) cell 
w’all radiating from the pits— 
these checks are not common 
in normal wood (cf. Fig. 
and arc characteristic of 
compression woo<l. lOOX. 



Fio. Sy .—A cross section of a block of 
Araucaria cunninghamii (Hoop Pine) 
—onehalf natural size—showing 
dark band ot compression wood in 
contrast with noimal woofl. 
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NOTES. 


Requests for Publications by Predecessors of the Council. 

From time to time the Council for Scientific and Industrial Research 
is asked for copies of the various publications of the two bodies, namely, 
the Advisory Council of Science and Industry and the Institute of 
Science and Industry, which preceded it. Unfortunately, a number 
of these publications are out of print, and it is thus quite imi^ossible- 
for the Council to meet these requests. 

Sometimes, too, requests are received from important libraries 
which are desirous of maintaining their sots of Council publications 
complete and which occasionally find that such sets lack a number or 
two. For instance, the Fisher Library of the University of Sydney 
is very desirous of having a copy of Bulletin No. 6—“ Power Alcohol r 
Proposals for*its Production and Utilization in Australia,’’ issued in 
1918. 

In a country of such large distances as Australia, it is obviously 
of importance to maintain the contents of the various libraries in as 
complete a form as possible. It has accordingly been thought that 
if the foregoing position were generally known, some people who 
possess back copies of the publications in question, and who have no 
further use for them, would be only too glad to let the Council have 
them for transmission in turn to libraries or other people who want 
them. 

The publications which are particularly desired are the following:—- 

Bulletins Nos. 1 (cattle tick), 2 (worm nodules), 3 (alunite), 4 
(Bendigo Goldfield, Part I.), 5 (wheat storage problems), 6 (power 
alcohol), 7 (agricultural research), 8 (Bendigo Goldfield, Part II.), 
9 (ferro-alloys), 14 (Posidonia fibre), 18 (wheats), 20 (power alcohol), 
21 (white ants), and 26 (wheats). 

Memoir No. 1. “ The Australian Environment (especially as Con¬ 
trolled by Rainfall)” by Griffith Taylor. 


Publications of the Council.—The Method of Distribution. 

It has recently become evident that a brief description of tin* way 
in which the Council’s publications are distributed would be of some 
value. 

The publications in question may be classified into the Annual 
Reports, Bulletins, Pamphlets, and the Journal, A number of all these 
arc distributed on a general mailing list which includes important 
libraries and scientific organizations not only in Australia, but through¬ 
out the world. 

The main sources from which the Council’s research information 
may be obtained are the Bulletins, Pamphlets, and the Journal, Kach 
cow of the last-named being likely to contain articles of iiiterest to 
dinerent kinds of research workers, its distribution is fairly wide^ 
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Each Bulletin and each Pamphlet, however, is confined to one subject, 
and any particular issue is thus of interest to one or two classes of 
research workers only. For that reason, both these series are dis¬ 
tributed according to special lists. Thus, if an organization deals 
only with soils, it is sent only those Bulletins and Pamphlets which 
are likely to have a bearing on its work, and it is not sent those Bulletins 
and Pamphlets on other aspects of the (^unciPs work, for example, 
forest products. Accordingly, some organizations and individual 
recipients would by no means have complete sets of these two series. 
On the back of the cover of each individual number, however, a com* 
plete list of the series issued to date is given. If, therefore, any 
libraries, scientific organizations, or individuals find that they have 
missed particular numbers of interest to them, those numbers will be 
forwarded promptly if they care to acquaint the Council with their 
desire. 

Finally, each copy of the Journal contains a brief review of the 
publications that have become available since the previous issue of the 
Journal. One of the objects of these reviews is that the daily and 
technical press may use them to acquaint the general public with wh^t 
material is available. 


A Simple Chemical Test for Separating the Woods of Hoop Pine (Araucaria 
cunninghamii) and Bunya Pine (Araucaria bidwilli). 

(Contributed by W. E. Cohen, B.Sc., Division of Forest Products.) 

In the timber industry, cases frequently o(‘.cur where it is very 
d(*sirable to have a ready means of distinguishing l>etween two or more 
closely allied timbers. The separation of the woods of hoop pine and 
bunya pine is such a case. Although the trees of these two species are 
very difiierent, the woods are very much alike in appearance and 
structure. In certain cases, it is claimed that bunya pine wood has 
a ])inkish tinge, but, as this is not general, such an observation cannot 
be used as a distinguishing characteristic. 

With tlie object of finding a simple distinguishing test, the Divi¬ 
sion of Forest Products has made a comprehensive study of the struc¬ 
tural and chemical features of the two woods. Macroscopic and 
microscopic examinations have failed to reveal any constant structural 
differences. The chemical study has been confined to the examination 
of the aqueous and alcoholic extracts of the woods with the application 
of numerous simple chemical tests for sugars, acids, resins, &c. As 
the result of this work, the simple chemical test described below has 
been developed. 

The test is applied to the aqueous extracts which are prepared as 
follows:— 

Rasped samples of the woods are prepared and the material which 
passes through a 20-me8h sieve is used. Five grams of this material 
(if air dry) is placed in a flask fitted with a reflux condenser, and 
extracted for two or three hours, at the temperature of a boiling water 
bath, with 60 cc. of water. After filtering and pressing the residual 
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wood, the latter is washed with 50 cc. of boiling water, the wash being 
added to the original extract. When cool, the volume of the extract 
is adjusted to 100 cc. 

To 2 cc. of the aqueous extract, contained in a roomy test tube, 

1 cc. of concentrated sulphuric acid is added to form a layer. The 
layers are mixed by gently shaking the test tube. 

In the case of bunya pine, a pink colour will develop immediately, 
and an orange (harvest) coloured precipitate will form (sometimes 
slowly). With hoop pine, there will be no immediate colour change, 
but later a white gelatinous precipitate will form. 

The observation of the pink colour has been found to be more re¬ 
liable than that of the subsequent precipitate. In many cases the 
aqueous extracts of bunya pine are more deeply coloured (light orange) 
than those of hoop pine. Although this cannot be claimed to (*on- 
stitute another test, it can generally be used to give a fairly reliable 
indication. Naturally, in such cases, the pink colour mentioned above 
will then be orange pink. The test has been found to give the above 
differences when applied to 21 out of 22 samples of bunya pine and to 
26 samples of hoop pine, all from individual trees. The defaulting 
bunya pine sample resembled hoop pine in many ways, and its origin 
is being further investigated. 

An additional test which may be used in most cases, for confir¬ 
matory purposes only, is applicable to the alcoholic extracts prepared 
in a manner similar to that already described for the aqueous extracts. 
The procedure is as follows:— 

To 2 cc. of the alcoholic extract, contained in a roomy test tube, add 
five drops of diphcnylamine solution (20 per cent, alcoholic) and then 

2 cc. of concentrated sulphuric acid to form a layer. Mix the layers 
by (carefully shaking the test tube for about one minute, and then 
examine the resultant colour. 

With bunya pine extract, the colour will be reddish brown. With 
hoop pine extract, the resultant colour will be light orange. 

This test has given the above differences when applied to 21 out 
of 22 samples of bunya pine (the defaulting sample being the one 
already mentioned) and to 23 out of 26 samples of hoop pine. Hence, 
in most cases, it could be used as a confirmatory test, but the results 
obtained should not be permitted to reverse the deductions which have 
been drawn already from the test applied to the aqueous extract. 


The Greenhouse White-fly in Tasmania. 

The Greenhouse White-fly, Trialeurodes vaparariorum, is a serious 
pest in hot-houses in Tasmania, and particularly affects the growing 
of early tomatoes. Chemical treatment of this pest is difficult, and it 
has for some time been recognized that the best way to deal with it is 
by means of biological control. 

In England, the tropical parasite Encarsia formosa has been found 
to be quite successful in hot-houses which are kept warm throughout 
the winter months. This parasite is a tiny Chalcid wasp, very sus¬ 
ceptible to cold. It lays its eggs in the tests of the white-fly, which 
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turn black when parasitized, owing to the parasitic grub destroying 
the white-fly nymph under the test and then turning into a blackish 
pupa. 

So far, all attempts to establish this parasite in lands south of the 
Equator have failed. Consignments carried in cool store are so weak¬ 
ened by the prolonged exposure to cold weather that they either arrive 
with every individual parasite dead, or, at best, they only yield a few 
weakly individuals from which it would be most unwise to attempt to 
rear a new generation. 

The first consignment of Encarsia from England received from 
Mr. S. Garthside, who is an officer of the Councirs Division of 
Economic Entomology, and who is working at Farnham Royal, arrived 
in Canberra in time for Dr. R. eT. Tillyard to bring them to Launceston 
during a visit to Tasmania in January last. They were then placed in 
a special rearing cage under the charge of Mr. H. Turner, Horti¬ 
culturist, Tasmanian Department of Agriculture. Only three or four 
weakly individuals emerged from the consignment over a period of one 
month from its reception, and none of these lived very long. Though 
this consignment was a failure, other methods will now be tried whereb^^ 
the prospects of success will be much enhanced. With»the co-operation 
of Mr. Turner and the tomato-growers of the Launceston district, it is 
hoped to establish this parasite in Tasmania during the coming spring 
or summer. It will be most important to make sure of a continuous 
supply of white-fly during the winter and early spring in the hot¬ 
houses. 


Physiology of Wheat in Relation to Grain Pilling. 

A Note on the Literature, 

In an article^ in the last number of this Journal, on Ijfce Physio¬ 
logical relations between Tillers of a Wheat Plant,’’ it w* indicated 
that tlie finding, that the glumes of wheat contribute less than 40 
per cent, of the dry weight of the grain, was contrary to findings by 

Boonstra. The statement of Boonstra’s results was quoted from an 

abstract. Since then a translation of his paper has been received 

from the Imperial Bureau of Plant Breeding, and this is found to 

modify the abstract. lie states, without quoting figures, that ‘‘probably 
the glumes play a great part in the formation of the carbohydrates 
for the grains.” He continues: “ The assimilation of the leaves 
{lamina) in the last period (from flowering onwards) does not amount 
to more than zb 25 per cent, of the total grain weight.” His findings 
therefore agree very closely with those of Smith, whose estimate 
of the proportion of grain weight supplied by the leaf blades was 25 an^l 
22.5 per cent, in 1930 and 1931 respectively. Boonstra’s work has been 
published in more detail elsewhere®* but this paper, like the original 
of the one quoted, is not yet available in Australia. 


1. Smith, H. F. This Journal 6 : 32-42, 1933. 

2. Boonstra, A. B. H. R., Der Zuchter 3 345-52,1081. 

3. -Med. Landbouwhoogeschoo], Wagenlngen, 33 : (8), 1929. 




Peg-Leg in Cattle. 

In a previous note (this Journal, 5: 263, 1932), it was nicntioiiod 
that one of the problems which the Research Station at 'J'ownsville is 
investigating is that of peg-leg ” of cattle. Mention was also made of 
the small field station for peg-leg studies that lias been established at 
Helenslee,” near Charters Towers, as a result of the co-operation 
afforded by local cattle-owners. 

The precise cause of peg-leg is still obscure, although then; are 
indications that it is due to some deficiency, possibly phosphorus. The 
symptoms are emaciation, arthritis, fragile bones, arched vertebral 
column, hooked neck, and stiffness in the gait. Ultimately, the death 
of the animal ensues, and there is no doubt that })eg-leg is responsible 
for considerable losses in North Queensland each year. 

With a view to obtaining as much information as possibhj regarding 
the trouble as it occurs in the field, Mr. R. B. Kelley, B.V.Sc., the 
Field Officer attached to the Townsville Station, last year spent some 
time visiting various cattle stations in the affected areas. The para¬ 
graphs that follow are based on his observations, it should be mentioned, 
however, that his visit took place in a dry time, and after tin; country had 
suffered at least two dry years. 

In general, the incidtmee of the condition was higher in the areas 
of poorer country (10 head per square mihi), but in exceptionally dj*y 
times it is also found on better country (20 head per square mile). In 
parts, the trouble is of comparatively recent origin, as on one large 
station, of a carrying capacity varying from 10 to 20 or mort^ head per 
square mile, it was not noticed until about tluj year 1924. 

Due attention was paid by Mr. Kelley to yearly rainfalls and calving 
j)ercentages, but owing to the extent of the runs (some are 2,000 square 
miles in extent) it was often quite impossible to estimate these per- 
cemtages from tlio data available. 

Further, the number of females is only approximately known, except 
in the yea ^^^hen bang-tail mustering occurs, and freciuently this numlxu* 
includes ^ t^reeding age. The cows calve all the year round. 

In places, it was evident that there was a vicious cycle—dry times 
and little feed, a calf at foot, and resultant low condition of the dam. 
These low-conditioned, wet cows merged into those showing all the signs 
of peg-leg., e.g., some arching of the back, concavity on the dorsal 
surface of the neck, and stiffness in the gait. ]f the calved are weaned 
at this stage, it is not uncommon for the cows to “ hold their own 
until the feed improved. In some cases, the cows even put on condition 
with the available food. If, however, they still suckle the calf, as they 
must, perforce, where weaning is impracticable (open herd conditions) 
the humped back and stiff gait become progressively more pronounced 
and typical cases of peg-leg result. 

There was some evidence that young breeding cows showed the most 
mortality. Of the cows examined post-mortem, all those which were 
advanced cases of peg-leg proved not to be in calf. Their ovaries were 
relatively small in size; the Grafian folliciiles, though in cases multiple, 
were neither cystic nor was there one more advanced than the others. 
Mr. Kelley proceeds:—As has been indicated, I have not, as yet, visited 
C.3687.— ~3 
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ii property where data were available from which to determine calving 
perf?entages, but the whole set-up of the cycle, dry feed, low condition, 
laziness (disinclination to breed) in the males, almost atrophic ovaries 
in those females which are advanced cases, leads me to think that the 
condition, or perhaps more correctly these conditions, do play an 
important part in decre.'ising the annual drop of calves.’^ 

In another case, Mr. Kelley reported;—The area over which the 
cattle were spread, the mixed nature of the herd, and their uniformly 
low condition, made a numerical estimation of the incidence of peg-leg 
extremely difficult, but in one run of 40 miles through three watering 
areas, during whicli a representative sample of the herd should have 
been seen, 1 considered that the aged breeders were low in condition, 
and that 30 per cent, had peg-leg, while among cows 2 J to 4 or 5 years 
of age, the incidence was 80 per cent, or 90 per cent. Cases of peg-leg 
were seen among 1930 and 193J calves, and among the 1932 calves 
many appeared to be motherless and in very low condition.’’ 

Due attention was also paid to goats and indigenous animals. As 
regards the former, in places a peculiarity in the gait reminiscent of 
X)eg-leg was se(*n. For instance, goats when moving were noticed rt) 
have Avell-develop(‘d knee action, the carpus being distinctly flexed as 
the fore-leg was elevated, and as the upper arm was extended, the 
metacarpus was brought sharply out and in line with it before the hoof 
touched tlui ground—almost a goose-step action. Here again, however, 
the indications were that the condition was most prevalent in those 
animals subjected to the strain of reproduction, e.g., Mr. Kelley states:— 
'J'hree goats, all femahis, though in good condition (particularly the 
dry seven-y(air old goat killed, and the youngest goat, about eighteen 
months old, also dry) moved without this almost exaggerated knee action. 
The condition of the third goat was compatible with her period of 
lactation and her age, which was nine or ten years. The owner says 
tliat from time to time this gait has been noticed generally in the older 
goats.” 

One or two kangaroos were examined-post-mortem, and once again 
there were indications—admittedly slight ones—that the animals were 
not unaffected through some deficiency. For instance, the difference 
in the ratio betw(*en tln^ diameter of the medullary cavity of the tibia 
to that of its greatest outside diameter was marked in the two sexes. 
The annulus of bone in the adult male tibia appeared thicker and denser 
than that of the female. These differences may possibly be connected 
with a deficiency intensified in the case of the female by the strain of 
rcjproduction. A number of tibia \vere accordingly collected from males 
and females, the latter carrying young at various stages of development, 
and these will be examined in the laboratory at a later stage. 

However, the grazing habits of kangaroos are vastly different from 
those of cattle. They are freely mobile, and by reason of the formation 
of their teeth, eschew long grass, and are found most frequently where 
the grass is green, short, and succulent. These selective grazing habits 
are reflected in the contents of their alimentary canals, which Mr. Kelley 
found uniformly much greener than those of the cattle found in the 
same paddocks. Seeing, as is well-known, that the mineral content of 
young grass is much higher than that of the older material, kangaroos 
would naturally not be subjected to such mineral starvation as would 
the cattle. 
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The Imperial Agricultural Bureaux. 

The Executive Council of the Imperial Agricultural Bureaux has 
issued its third annual report (for 1931-32). It will be remembered 
that the creation of the bureaux was the outcome of the Imperial 
Agricultural Tl(^sear(•ll (hmferenoc, 1927, which recommended the estab¬ 
lishment of eight bureaux to collect, collate, and disseminate informa¬ 
tion on research in certain branches of agricultural science, and to 
assist workers in these branches to form contacts with other workers. 

The Conference also recommended that each bureau should be 
located at an institution already well known for research in its par¬ 
ticular branch, and that the cost of the bureaux should Im met from' a 
common fund formed by contributions from Empire (Toverninents. 
The scheme was subsequently accepted by the (lovernments, and came 
into operation on the Ist April, 1929. 

The following arc particulars of the eight bureaux which have h(‘en 
(‘stablished:— 


Bureau. 


Location. 


Direction. 


Australian Correspondent. 


Aiiimal Nutrition 


Animal Genetics 


Fruit Profluction 


Soil Science 


Plant Genetics 
(Herbage Plants) 


Plant Genetics 
(Plants other 
than Herbage) 

Agricultural Para¬ 
sitology 


Animal Health .. 


Rowett Rc.search 
Institute, Abe'r- 
deen 

Animal Breeding 
Research J>e- 
partment, Kdin- 
burgh University 
East Mailing Re¬ 
search Station 


Rothamsted Ex- 
IKJrimental Sta¬ 
tion, Herts 

Welsh Plant Breed¬ 
ing Station, 
Aberystwyth 

Plant Breeding In¬ 
stitute, Cam¬ 
bridge 

Institute of Agri¬ 
cultural Parasi¬ 
tology, St. Al¬ 
bans 

Veterinary Re¬ 
search Labora¬ 
tory, Woybridgo 


Dr. J. B. Orr; 
Deputy -Mr. H. 
Crow 

Professor P. E. 
Crow; Deputy 
—Dr. F. Fraser 
Darling 

Mr. R. G. Hatton ; 
Deputy —Mr. D. 
Akonhead 

Sir John Russell; 
Deputy - Mr. G. 
V. Jacks 

Professor R. G. 
Stapledon ; De¬ 
puty —Dr. R. O. 
Whyte 

Sir Rowland Biffon; 
Deputy --X>T. P. 
S. Hudson 

Professor R. T. 
Leiper; Deputy 
-Dr. B. G. 
Peters 

Dr. W. H. An¬ 
drews ; Deputy 
—Mr. W. A. 
Pool 


Sir Charles Martin, Chief 
of Division of Animal 
Nutrition (C.S.I.R.), 
Adelaide 

Dr. J. A. Gilruth, Chief 
of Division of Animal 
Health (C.S.I.R.), Mel¬ 
bourne 

Dr. B. T. Dickson, Chief 
of Division of Plant In¬ 
dustry (C.S.T.R.), Can¬ 
berra* 

Professor J. A. Prescott, 
Chief of Division of Soil 
Research (C.S.T.R.), 
Adelaide 

Dr. B. T. Dickson, Chief 
of Division of Plant In¬ 
dustry (C.S.I.R.), Can¬ 
berra 

Dr. B. T. Dickson, Chief 
of Division of Plant In¬ 
dustry (C.S.T.R.), Can- 
berra 

Dr. I. Clunies Ross, Para¬ 
sitologist, Division of 
Animal Health(C.S.I.R., 
Sydney 

Dr. J. A. Gilruth, Chief 
of Division of Animal 
Health (C.S.I.R.), Mel¬ 
bourne 


* Deputy Correspondent, Mr. W. M. Came, Senior Plant Pathologist, Division of Plant Industry 
(C.S.I.H.), Hobart. 


The first year of the bureaux^s existence was largely occupied in 
organization. In their second year, the presence in Loudon of a 
number of scientific officers from the Empire overseas as advisers to 
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their Governments at the Imperial Conference, 1930, afforded an 
opportunity for discussions on the work of the bureaux. In the 
course of these discussions the scientific advisers urged those bureaux 
which had started abstracting journals to enlarge them and others 
which were contemplating them to start them forthwith. 


The year 1931-32 was thus the first year in which practically all 
the bureaux have been issuing journals, and this work has occupied 
much of the attention of the bureaux’s staffs. The journals issued 


are:— 

1. The Veterinary Bull of In, issued monthly from Weybridge. 

2. TAst of Publications relating to Soils and Fertilizers, issued 

m on tidy from Kothamsted. 

3. Plant Pnoeding Abstracts, issued quarterly from Cambridge. 

4. Herbage Abstracls, issiU‘d quarterly from Aberystwyth. 

5. Uorticultural Abstracts, issued quarterly from East Mailing. 

3. Bulletin on Animal (rcnetics, issued quarterly from 
Edinburgh. • 

7. Nulrltian Abstracts and Reviews, issued ^quarterly from 
Aberdeen. 


Abstracts on Agri(*ultural Parasitology prepared by the Bureau 
at St. Albans appear by special arrangement in the Quarterly Journal 
of Ifelminthology, the Bureau obtaining reprints; in addition, that 
Bureau compiles and issues each year a list of the titles and sources 
of all papers appearing during th<*, year on helminthology. 

Each bureau has thus in its own field tackled the problem of pro¬ 
viding resear(‘h workers in the Empire with means of keeping informed 
and abreast of the dcvelojunents throughout the world in their own 
subjects. Taken as n v4iole, the group covers a large part of tin* 
subjects wliich interest agricultural and veterinary workers. The 
successful issue of th(‘se abstracts, &c., marks a stage in the services 
Avhich the bureaux are rendering to research workers in the Empire. 
In addition, satisfactory ])rogress has been made in promoting contacts 
between research workers in the Empire, in collecting information on 
the various lines of res(‘arch in progress in the Empire, in dealing with 
special inquirii's, and in issuing bibliographies and reviews on subjects 
of special interest. 


The Australian Dairy Cattle Research Association. 

The Council for Scientific and Industrial Ih\search is warmly sup¬ 
porting tJie action of a number of breeders of pure-bred dairy cattle,^ 
under the leadership of Dr. R. M. Kinross, of Sydney, in creating an 
Australian Dairy Cattle Research Association. In certain of the States, 
Branch Committees have been formed by the Association, and a Federal 
(Council composed of delegates nominated by these State Committees has 
been set up with head-quarters in Sydney. The first meeting was held 
on 13th April. 
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The main object of the Association is to provide means to enable 
scientific investigations to be imdortHken into the principal diseases 
affecting dairy herds in Aiistrnlia. The two outstanding troubles are 
contagious abortion (Bang’s disease) and contagious mastitis or 
mammitis. The Australian Dairy Council has shown its interest in the 
scheme by promising to xirovide £2,000 per annum for five years towards 
its estimated cost. The Directors of the Commonwealth Bank have 
voted a similar sum for two years from the Rural Credits Dcivelopmeut 
Fund; while the Primary Producers Union of New South Wales has 
promised £100 per annum, with the probability that the sum will be 
increased later. 

As a first step, co-operative arrangements have been made between 
the Research Association and the New South Wales Department of 
Agriculture for a thorough iinestigation into contagious abortion to he 
conducted at the Veterinary Research Institute at Glenfield. The State 
Department will provide certain facilities and staff, while further 
(expenses, to an estimated total of £1,550 per annum, will be met by the 
Association. It is proposed that work on contagious mammitis shall be 
centred in Victoria, and a scheme drawn up by a special committee of 
the Australian Veterinary Association, and involving an expenditure of 
approximately £4,500 per annum for a period of years, has been 
approved by the Federal (Vnincil. It will not, however, be put into 
effect until the recpiisitc money is in sight. The Victorian Department 
of Agriculture, the University of Melbourne, and the (/ouncil of Scientific 
and Industrial Research will all co-operate with the Australian Dairy 
(hittle Research Association in the mammitis work. 

For tlie tim(‘ being, tin? Research Association will limit itself to active 
participation in these two investigations, but later it hopes to extend 
its activities into other fields, ])articularly the investigation of tick 
fever and pleuro-pneuinonia, in close association with tln^ Animal Health 
Research Station at Townsville. 


Rlectrical Moisture Meters for Timber—Third Series of Correction 

Figures. 

In Trade Circular No. 9 of the Division of Forest Products, descrip¬ 
tions were given of different types of electrical moisture meters. At 
the present time, the most common type of these instruments in Australia 
is the “ blinker sorter,” and appended to the Trade Circular was a table 
showing the corrections necessary when using such an instrument on 
timbers other than that for which it has been set. Similar figures for 
other species were obtained later, and these were published in the 
Journal of the Council for Scientific and Industrial Research, November, 
1932, as a second appendix (Division of Forest Products, Reprint No. 9) 
to the Trade Circular. Further tests on still different species have 
now added to this information. The first of the following two tables 
contains correction figures of a similar nature to those previously 
published. 
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Eecently, a number of multi-reading blinkers have been placed in 
commercial use?, and it is evident that, despite these being somewhat 
more (*xpensive, there is a demand for them in addition to the sorter 
type of instrument. To enable the multi-reading blinker to be used on 
(lifFerent Australian species, correction figures are being determined 
over the full range of moisture contents covered by these instruments. 
The results so far obtained are givcui in the second of the two following 
tables. It is advised that these two tables should be insert(?d after 
Appendices [. and II. in Trade Circular T^o. JK 

ArpEWDix III. (Trade (hacuLAR No. 9). 

Corrections Used with Blinker Sorters for Different Speries of Timher. 

For moisture contents in the neighbourhood of to 15 p(‘r cent. 


Species. 


Ilotaniral Name Coiniiion Name 


Dmyphora sassafras 

New Sou til Wales sassafras ^. j 

0 

Kndiandra sp. .. 

.. Maplum .. .. .. 1 

0 

Kucalyptus rostrata 

Red gum .. .. .. j 

1-2 

Schizomeria oval a 

.. Urabapple .. .. 

f 1 

iStoaiiea woollsii 

Yellow bean .. .. i 

1 1 


Corrections vsed with MuHi-ponit Elect)ical Moisture 

Species of Tmiber. 


Meiers for different 


Met-er lleadin}^ Per Cent. Moisture .. 


8 , y 
I 


10 


11 



14 


15 


Sx)ecics. 


(Donimon Name. 


PseudciHUga taxifolin 
Acacia Ttwlnnoxyloii . 1 

Endiandra palmersUm i I 

Eucalyptus diversicolor .. ' 
Eucalyptus maryinata i 

Eucalyptus ohliquu 
Eucalyptus reynans 
Eucalyptus rostrata 
Nothofagus cunninghumn 


Douglas flr 
Ulaekwoocl 
Oueensl.irui walnut 
Karri 
.1 arrali 
Messmate 
Mu nil tain ash 
lied gum 
Myrtle (led) 

Myrtle (white) .. 


VIeter Reading -Per (Jeiit Moisture 


Si)eeio8 ' Common Name 


Pseud<otsuga taxifolia . I liouglas Hr 
Aciicui melanorylon .. j lilaekwood 
bJndiiindra jHtlnmrsloui .. ()ueenslaud walnut 
inucalyplus diversicolor . \ Karri 

Eucalyptus marginata .. , .1 arrali . 
Eucalyptus obhqna ! Messmate 

Eucalyptus retpians . . Mountain ash 
Eucalyptus rostrata . I Red gum 
Nothofagus cunningfunnii j Myrtle (red) 

j Myrtle (white) . 


Correction. 


0 1 

^ ! 

0 ' 

0 ' 

0 i 

^ i 

0 , 

0 

0 

+3 

+ 2 ! 

-i-3 ' 

-f2i 

-f24 

-f2 

4-2 > 

4-14 

i 

—2 1 

--2 . 


- H 

--1 , 

— 4 

““ 4 

-1- 4 

i 

+ 1 . 

-t-l ' 

+1 . 

-1 1 

1 4 

-1- 4 

4- 4 


“■ i 


-1- i 

4- 4 

H 4 

1 4 

+ 1 

4-1 1 

-1-1 1 

4-J4 

0 

0 1 

0 

0 

0 1 

0 1 

0 1 

4- 4 

+ 4 

+ 1 

+ 1 1 

+1 

11 

-1 1 1 

+ 1 

1 4-H 

+h: 

4-14 

-1-2 , 

+2 , 

-12 , 

-f2 

42 ' 

42 

4-2 , 

4-2 

4-2 

H2 j 

■+2 1 

-1-2 ' 

-f2 

-f-2 ; 

+2 

4-14 

4 14 

4 14 

4-lil 

+H 

-fU 

-fl 

-1-1 1 

+ l 


4- 4 

-1 4 

.«i 

17 j 

18 , 

19 

, - i 

21 

1 ; 

22 

23 

24 


CorreetloTi 


0 

ol 

0 i 

0 

0 

0 

0 

0 

0 

41 

+ 4 

1) 

— 4 

- 4 

- 4 

^-1 


-ir 

-1 14 

+24 

-1 -1 , 

H-34 

1-4 

-14 

IM 


- 4 

—1 

—1 . 

—14 

- -14 

-14 

-14 

+14 

-14 

-fi4 

4-14 

-414 

-1 2 

-f 2 

4-2 

4-2 

4-2 

4-2 

4- 4 

4-1 1 

4-1 ' 

+ 14 

“414 

4-14 

4-14 

+2 

42 

+14 

-H14 

+2 ; 

4-2 

H 2 

-42 

4-2 

+2 1 

+2 

-12 

4-2 ' 

4-2 j 

4-2 

4 2 

-42 

-42 

4-2 

+2 

+14, 

+1; 

+ 1 

+ 4 

4- 4 

0 

— 4 

— 4 

—1 

0 

0 


- 4 

—1 

-*14 

-14 

j-2| 

-24 

1 
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Recent Publications of the Council. 

Since the last issue of this Journal, the following Bulletins and 
Pamphlets of the Council have been published:— 

nulletin No, 72,—Varieties of Wheat in Australia; A Catalogue 
with Pedigree or Source, and a (jenealogical Chart showing 
the Itelationships of the more Important Varieties/^ by 
J. R. A. McMillan, M.Sc. 

The writer of this Bulletin is the Senior IMant Geneticist of the 
Division of Plant Industry. In 1929, when, in pursuamie of the pro¬ 
gramme of investigations of the Division, plans were being prepared 
as to the wheat crosses which should be made in order to study the 
mode of inheritances of certain characteristics, it was realized that it 
was very desirable to liave, in a readily available form, the pedigree 
of each variety of wheat that had been grown in Australia. Accord¬ 
ingly, all available literature was searched and the information there¬ 
from compiled. The compilation was then sent to the State Depart¬ 
ments of Agriculture, with a recpi(‘st that tliey examine it critically, 
correct any errors, and add any fnrtlier information available. This 
they did, and the value of the (*ataloguo lias accordingly been consider¬ 
ably enhanced. The pedigrees of sonn; 1,000 varieties of wheat have 
been given, and a genealogical chart of common Australian wlieats is 
included as a folder at the back. 


Bulletin No, 73.—A Soil Survey of th(; Hyah, Tresco, Trcsco 
West, Kangaroo Lake (Vic.), and Goodnight, N.S.W.) Settle¬ 
ments,” by d. K. Taylor, B.A., M.Sc., F. Penman, M.Sc., 
T. J. Marshall, B.Sc.(Agr.), and G. W. Deeper, M.Sc. 

The Bulletin gives the rc'sults of soil surveys that have l^eon carried 
out on five settlements in the region of the Murray Valley, aggregat¬ 
ing 9,300 acr(*s, mainly planted to horticultural crops. Considerable 
decreases in cropped areas liave recently occurred on one settlement 
(Tresco), and a proportion of each has been rendered unproductive 
by an excessive increase in soil salinity. Six soils belonging to five 
types have been defined. The soil position on the settlements has been 
outlined, mentioning the distribution and extent of the several soils, 
irrigation and drainage necessities, the importance of soil salinity, and 
its sphere of influence on each area. A general discussion of the 
problems connected with the soils of the areas is also given from the 
aspects of horticultural development, climatic influence on crops, im¬ 
provements of soils and possible increase in yield, irrigation and drain¬ 
age requirements, and soil salinity. 


Pamphlet No. 37.—The Sheep Blowfly Problem in Australia,” 
Report Ko. 1, by the Joint Blowfly Committee. 

This comprehensive report of 136 pages plus plates was briefly re¬ 
viewed on page 62 of the previous issue. Copies are obtainable (price 
Is. 6d., post free) on application to the Council or to the New South 
Wales Department of Agriculture. 
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Forthcoming Publications of the Council. 

At the i^resoiit timo, the following future publications of the Council 
are in the press:— 

Bulleim No, .—“ Observations on Soil Moisture and Water 

Tables in an Irrigated Soil at Oriffith, New South Wales/’ by 

E. S. West, B.Se., M.S. 

]\imphlel No, ,—The Occurrence of Anaplasina m^'irginah 
Theilcr 1010, in Northern Queensland/’ by J. Legg, D.V.Sc. 

Bamphid No, The Grading of Western Australian Tim¬ 

bers: Keport on, and Suggested Sp(*eifications for, the Grading 
of Jarrah and Karri based on Investigations in 1932,"’ by 

F. Gregson, B.E., and R. F. Turnbull, B.E. 

Pamphlet No, ,—Meteorological Data for Various Localities 
in Australia” (in co-operation with the Commonwealth 
Weather Bureau). 


In addition, the typescripts of future j)ublications dealing with the 
butfalo-fly, squirter in bananas, and luc(‘rne flea arc* approaching 
completion. 


^ H. J. Ort$n, 

Chvt. PrinUr, M§lbourn», 
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Botulism of Sheep in Western Australia and its 
Association with Sarcophagia. 

By //. W. Bennetts, D.KSc.'** 


Tile report that follows deals with work forming part of a programme 
of investigations which the Council and the Western Australian Depart¬ 
ment of Agriculture have been carrying out in co-operation. Dr. 
Bennetts has been seconded to the Council from the Department, and the 
latter provides laboratory accommodation, an experimental field station, 
travelling facilities, &c. —Ed. 


Summary. 

1. Botulism of sheep was first recorded in Western Australia in 1928. Since 
then, the annual incidence has progressively increased. This disease is now 
regarded as being a source of greater economic loss than all other diseases 
affecting sheep in Western Australia. It is due to the ingestion of toxic rabbit 
carrion. 

2. The high incidence in Western Australia, as compared with that recorded 
ill other parts of Australia, is ascribed to the annual long dry period extending 
over many months. The great increase in the rabbit population, combined with 
the attempted destruction by poisoning, results in abundant carrion being avail¬ 
able during this period when depravity of appetite is acute. 

3. It is suggested that the term “ sarcophagia ” is appropriate for the 
condition described, and that further work should be undertaken to determine 
the actual cause and means of prevention of this condition. 

4. The clinical features of the disease are described. 

o. B. parahoitilinus has been isolated from rabbit carrion. 


I. Introduction. 

Botulism in cattle has been of frequent occurrence in Western 
Australia for a number of years. An accurate description of the 
syndrome was recorded departmentally as early as 1896. The nature 
of the disease was not definitely determined until 1922, when Seddon 
confirmed Filmer’s clinical diagnosis by isolating B. parabolulinus from 
bones forwarded from a property in the Great Southern district, 

* Senior Veterinary Kesearch Olflccr, C S.I.B., acoonded from the Weatem Australian Department 
of Agriculture. 




138 


Horses, not uncommonly, are aflFected with a condition which on clinical 
grounds alone appears to be botulism. 

Botulism in sheep has been deemed the cause of a very heavy 
annual mortality, and indeed to be the source of greater economic loss 
than all other diseases. This is quite contrary to the general Australian 
experience. It has been recorded in only one other State—that of New 
South Wales—whore it does not seem to be common. Seddon (4) refers 
to one outbreak in 1925 which resulted from ingestion of rabbit carcasses, 
and later (5) stated that bone-chewing may on occasion be exhibited 
by sheep” ; Rose and Edgar (3) recorded a similar mortality in 1929 
where 20 sheep died out of a flock of 400. In the last instance, 
B, hotulinus type B was isolated from the rabbit carrion. Seddon and 
Came (6) had obtained it previously from a similar source. 

The organism responsible in Western Australia would appear to be 
jB. parabotulinuSj which is now recorded here as having been isolated 
from rabbit carrion. In 1928, toxicogenic saprophytes were isolated 
from the femur of a sheep, which had died from this disease, and from 
rabbit carrion, but they were never typed out. 

'Phe remarkable incidence in this State is evidently due to conditions 
which are peculiar to it, and a more detailed account than that given in 
the first record (Bennetts (1)) will not be without interest. 


2. Nature of the Disease. 

(i) History ,—The disease was first recognized in January, 1928, 
when the owner of a property in the Merredin district reported that his 
sheep were dying from what he considered to be braxy-like disease. The 
writer investigated and diagnosed the condition as botulism, as the result 
of the examination of three animals. In a flock of approximately 400 
depastured on wheat stubble, a number of sheep were observed to be 
eagerly eating rabbit carrion dug out of a warren that had been 
fumigated with carbon bisulphide several months previously. Fifteen 
sheep died. The diagnosis Avas confirmed by the isolation of a toxi¬ 
cogenic saprophyte from the femur of a sheep dead for some Avecks. 
Towards the latter part of the same summer, similar outbreaks, following 
ingestion of poisoned (phosphorus) rabbits^ flesh were investigated in 
other centres of the wheat belt. 

It has been established that the disease appeared sporadically during 
1927, but no evidence has been obtainable that serious losses were 
experienced prior to 1928. Since then, judging by reports, it has 
become progressively more widespread, and the serious mortalitie? 
occurring annually throughout the wheat belt are causing considerable 
concern at the present time. 

(ii) Distribution and Economic Importance ,—The disease is now 
known to occur practically throughout the whole of the sheep-carrying 
portion of the South-western Division of the State. It occurs 
generally as widely-separated outbreaks except in the Eastern Wheat 
Belt, where, over a large area of country, very heavy losses are experi¬ 
enced annually. The death rate is said to be as high as 50 per cent, 
in some flocks. 
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(iii) Incidence. —From information available, the annual incidence 
is steadily increasing. There is a very definite seasonal incidence from 
January to May. With the advent of green feed following the winter 
rains, the disease disappears. There is no evidence that sex, breed, or 
age affect the incidence. Our own observations indicate, however, that 
it is usually the best-grown and best-conditioned sheep in the fiock which 
become affected. 

(iv) Clinical Description. —Usually, the period between the onset 
of symptoms and death is one to two days. Affected animals occa¬ 
sionally linger for several days and, rarely, recovery takes place. The 
syndrome is typically botulinic. The initial sign is a spasmodic 
wriggling of the tail as though fiy-blown. Later, the animal shows a 
stiff gait and a disinclination to move, and becomes separated from the 
flock. It progresses for only short distances, and then lies 
down in a position of sternal decubitus. Appetite is lost and 
rumination suppressed. The head is held in a drooped position, and 
there is frequently a more or less profuse flow of saliva, with sometimes 
protrusion of the tongue. Constipation is usual. Uaralysis of the 
hind limbs becomes marked, and finally the animal is unable to rise. 
Respiration becomes spasmodic and abdominal, the intercostal muscles 
not functioning. Death takes place quietly in the position of normal 
decubitus. 

(v) Post-mortem Appearances. —There are no gross pathological 
clianges. The gall bladder is distended with bile, and the large bowel 
is frequently packed with hard, dry ingesta. Remnants of rabbit 
carcasses, though often difficult to recognize, may be found in the rumen 
and reticulum. 

(vi) Etiological Factors. —The condition appears to be invariably 
associated with ingestion of rabbit carrion. The main factors respon¬ 
sible for the serious incidence of the disease are believed to be two—the 
unusually long dry period, which is of normal occurrence, resulting in a 
reduced phosphorus content of pastures and other dietetic deficiencies 
(including protein), and the rabbit pest, which, through measures taken 
to cope with it, means numerous decaying carcasses. 

Seasonal and Dietetic. —The seasonal conditions differ from those 
found in other parts of Australia. In the South-western Division, there 
are, broadly speaking, two seasons—a period of reliable and adequate 
rainfall with green pasture, extending over four to five months from 
May or June until September, and alternating with a period of seven 
to eight months, when little or no rain falls and the herbage is dry; 
then, unless supplements, mineral and other, are fed, sheep tend to 
exhibit a depraved appetite. This is manifested in a relish for rabbit 
droppings* and rabbit carrion in all stages of decomposition. On 
occasions, sheep have been seen, when driven around the paddock,^ to 
continue chewing carcasses which they had picked up before being 
disturbed. On one property, green lucerne, rabbit carcasses, and 
mounds of rabbit droppings were all exposed to a mob of sheep in which 
mortality had been occurring: they showed a decided preference for the* 
droppings, which they ate quite eagerly—the lucerne proving relatively 
unattractive. 

* It appeam distinctly unlikely that rabbit faeces would provide a suitable medium for the gro^h 
and toxin production of B. paraoottilinvf so that Ingestion would tend to botulism. However, the 
possibility should be considered pending experimental evidence. 
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As a result of Theiler^s well-known work on lamsiekte in South 
Africa, as well as Australian observations, it is generally accepted that 
osteophagia results from phosphorus deficiency in the diet. Western 
Australia, except for a few small areas, is markedly phosphorus deficient. 
The following table (7) shows PgOc content of soil in two widely- 
separated areas where the disease occurs. 


Table 1. 


Diatrlct. 


Merredin — 

Location 1 (0"'-9"') 

(r-18^) 

Location 2 (0^-9"') 


Chapman — 

Location 1 (0^-9^) 
( 9 ^- 18 ^) 
Location 2 (0^-9"') 
( 9 ^- 18 ^) 


SoU. 


Total P,0,. 
Per cent 


0 022 
0 024 
0*022 
0*015 


Available P^Ot 
Per cent. 

0*009 


0*6()5 


0*036 
0*048 
0*019 
0 030 


0*009 

0*006 


The figures for available phosphorus appear to be rather high. 
Teakle ( 8 ) found an almost complete absence of water soluble phosphate 
from Merredin and other wheat belt soils. Unfortunately, we have no 
available figures for dry pasture in the affected area. The P 2 O 5 
(‘ontent of a sample of dry pasture from a property where sheep eat 
rabbit droppings, but on which botulism is not known to occur, was 
0.147 per cent. Analyses of pasture from other areas in the State 
indicate, as elsewhere, that even where the phosphorus content is rela¬ 
tively high ill the green feed, it falls very considerably in the correspond¬ 
ing dry feed. It appears evident tliat the effect of low phosphorus con¬ 
tent of soil is secondary to the dominant influence of the long dry period. 

Throughout the Eastern Wheat Belt, the general practice is to run 
sheep on wheat stubbles or fallow paddocks during the dry period, and 
towards the end of the summer little feed is left other than dry 
innutritions grasses and wheat straw. Tw^o samples of wheat stubble 
from Merredin analysed by Dr. Underwood* were found to contain 
0.06 and 0.07 per cent. P 205 > and were probably deficient in most other 
requirements. In these districts generally, no provision is made for 
supplementary feeding of sheep during this period. In the Great 
Southern District, however, which is primarily a sheep-raising area, 
oats are grown extensively, and supplementary feeding with chaff, oats, 
linseed “ nuts,’’ &c., is resorted to. In these circumstances, depraved 
appetites are not noted, and botulism is rarely encountered in sheep, 
although in cattle, osteophagia and botulism are by no means uncommon 
throughout. Babbits are not so numerous there, and the comparative 
paucity of rabbit carrion may be a factor, but it is not of major 
importance. 


♦ Animal Nutrition Officer of Ihe Western Aistralian Department of Agriculture. 



141 


Carrion eating by sheep, which may be termed sarcophagia ”—it 
can hardly be described as osteophagia—is usually ascribed to phosphate 
deficiency, and preventive measures recommended accordingly. They 
have not been an unqualified success in Western Australia, and it is 
becoming evident that phosphorus deficiency is not alone responsible for 
ihe depraved appetite exhibited. It is rather remarkable that Wheat 
Belt sheep are notable locally for being large framed. Their growth is 
naturally much more rapid during the period when green feed is avail¬ 
able, but the growth limiting effect of acute phosphorus deficiency 
reported in South Africa is not noted, nor have any gross bone changes 
been observed. 

Rabbits ,—The rabbit population has multiplied enormously during 
the last six to seven years, particularly throughout the Wheat Belt 
areas. Babbit poisoning is compulsory. During the early dry months 
of the year, phosphorus baits are extensively laid, and dams are often 
fenced off and cyanided water provided for the rabbits. As a result, 
during the late summer and autumn months when the depraved 
appetites of the sheep have become acute, large numbers of rabbit 
carcasses are distributed over the countryside. Even if cleaning up of 
carcasses is attempted, it is difficult to remove them all from the stubbles, 
and sometimes losses have been experienced as a result of rabbits dying 
on properties other than those on which they had been poisoned, the 
owners being at the time ignorant of their existence. 

Rose and Edgar, in New South Wales, have adduced some evidence 
indicating that the infection of carrion with B. botuliniis probably took 
place from the intestinal tract of the rabbits and not from the adjacent 
soil. Field evidence here also suggests that rabbits carry the organism 
responsible (in this case apparently B, parahotulinvs) as a normal 
bowel inhabitant, and thus assist in distributing the organism. It is 
otherwise hard to explain the rapid spread of the disease, particularly 
to country which is lightly stocked and much of which has only been 
cultivated or stocked for upwards of five years. Rabbits, when 
abundant, also probably contribute towards a greater incidence of the 
disease by eating out much of the best feed. 

The low price of wheat for the past few years has resulted in a 
decreased use of superphosphates, and the financial depression has led to 
an increase in rabbit population owing to a relaxation in the offensive 
against them. These factors may have contributed towards the greatly 
increased incidence of the disease during the past three or four years. 


3. Prevention* 

Following the diagnosis of the disease in 1928, the feeding of 
phosphates was advocated as a preventive of the depraved appetite which 
resulted in carrion eating. A lick composed of bone meal and salt in 
equal parts was recommended and the results obtained were reported to 
be satisfactory. It was considered, however, that this procedure was 
uneconomic owing to the high cost of bone meal, and the Department 
of Agriculture has recommended licks containing mineral phosphate. 
Since 1932, a lick composed of di-calcic phosphate, molasses, and salt 
(18 per cent. P 2 O 5 ) has been in general use. These mineral licks have 
not always proved palatable, and frequently it has been necessary to add 
crushed oats, or to increase the percentage of salt or of molassefi, until 
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sheep become accustomed to them. Undiluted lick is then taken quite 
readily. Sheep on one property consumed 4 oz. per head^ per week 
during the latter part of the dry period. In this case, botulism, which 
had been enzootic prior to the use of licks, disappeared, but the results 
obtained generally in the prevention of carrion eating have not been 
entirely satisfactory. 

In some instances, failure has evidently been due to the following 
factors:— 

(a) Consumption of inadequate quantities of lick. 

(b) Too great delay in the provision of lick. When once the 

depraved appetite is developed, sheep definitely prefer 
carrion to licks containing mineral phosphates, or even 
bone meal. 

(c) The use of unsuitable licks. Despite extensive propaganda, 

proprietary and other licks containing totally inadequate 
amounts of phosphate have been used alone, or in conjunc¬ 
tion with those advised. 

Phosphorus deficiency alone may not be entirely responsible for tly3 
depraved appetite which manifests itself in carrion eating. There is 
sufficient evidence to warrant a more systematic and elhaustive collec¬ 
tion of field data than are at present available. This should be accom¬ 
panied by appropriate chemical investigation and experimental work. A 
protein deficiency suggests itself as being possibly contributory to the 
depraved appetite exhibited by sheep on dry pasture, and Filmer (2) 
has recommended oats as a summer feed for sheep, as they supply both 
phosphorus and some protein. He also points out that they may be used 
with the prescribed li^s in order to solve the question of palatability in 
a convenient and economical manner. That this would greatly minimize 
the losses from botulism is indicated by the comparative immunity of 
the Great Southern District where the provision of oats alone appears 
to prevent the occurrence of depraved appetite. 

It has been suggested that preventive inoculation with anaculture 
would be a more economical way of dealing with the difficulty under 
present conditions, and experimental work is projected. 

The collection and proper disposal of all rabbit carrion is of course 
recommended, but the difficulties are obvious. 

4. The Isolation of B. parabotulims from Rabbit Carrion, 

As already stated, toxicogenic saprophytes originally isolated from 
rabbit carrion and a sheep bone were not typed. 

Further material was examined this year with the object of deter¬ 
mining the organism responsible for the botulinic syndrome in sheep, 
and, after two unsuccessful attempts, a toxicogenic saprophyte has been 
isolated, and by means of toxin-antitoxin tests determined to be 
B. parabotulinus. In May last, rabbit carcasses were received from a 
property in the BTortham district, where 120 sheep had died out of a 
flock of 1,100 being grazed on wheat stubble. The cause of death was 
diagnosed as botulism. 

Method of Isolation ,—The rabbit carrion was in various stages of 
decomposition. Some was moist and contained maggots, but the 
majority was quite dry, and practically skin, fur, and bones. Portions 
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of dried bone^ muscle, and semi-decomposed muscle from four carcasses 
were minced with due precautions to prevent further contamination. 
« V-F broth under vaseline, containing a little finely-divided sheep^s 
heart, was seeded with 28 grammes of the material and incubttted for 
ten days at 36 deg. C. Examination of the culture showed that at least 
four anaerobes were present. An endeavour is being made to isolate the 
toxicogenic organism in pure culture. 

A guinea pig drenched with 2 c.c. of the culture fluid developed the 
syndrome whirfi is characteristic of botulism in guinea pigs, i.e., 
vomition, paralysis, aphonia, loss of weight, &c., and died within 24 
hours. A second guinea pig to which minced carrion had been fed at 
the rate of 6 grammes per day for five days, died from botulism on the 
sixth day. 

Serological Tests, —Mr. Graham Edgar, of the Veterinary Research 
Station, Glenfield, kindly supplied the following antisera;— B, hotulimis 
type A, type C, a polyvalent A, B, C, and B. parahotulinus. Toxin- 
antitoxin tests were carried out with these, with centrifuged culture and 
with culture filtrates. 

A preliminary test, in which guinea pigs were inoculated with 
mixtures of 1 c.c. of supernatant fiuid from centrifuged culture and 
equal amounts of each of the various antisera, indicated that the toxin 
present was that of B, hotulinus type C, this being the only serum 
which gave complete protection. This finding was not borne out by 
subsequent tests, which are given in detail, and apparently resulted 
from the fact that the type C serum was the only one which was 
sufiiciently potent to protect against the excessive amounts of toxin 
given. 

On the 5th May, a Seitz filtrate of the culture (now fifteen days 
old) was made and tested for sterility. Chloroform was added as a 
preservative, and the toxin stored in the ice box. The minimum lethal 
dose of this toxin for a 250-300 gm. guinea pig was found to be 0.025 c.c. 

The toxin was diluted with normal saline, and appropriate mixtures 
of this and the various antisera were made and incubated for one hour 
at 37 deg. C. The mixtures were then inoculated intramuscularly into 
guinea pigs, each receiving 2 c.c. The results are given in Table 2:— 

Table 2. 


Guinea Fig 
No. 

Inoculation. 

Result. 

10 

/ 6 M.L.D. toxin .. 

Dead 3 days 

11 

\ -f* 1 o.c. B. hotulinus type A antiserum 

Dead 2 days 

12 

re M.L.D. toxin 

Survived 

13 

1 c.c. B, parabotulinus antiserum .. 

» 

14 

f 6 M.L.D. toxin 

ft 

15 

\ -f 1 c.c. B, hotulinus polyvalent typo A, B, C antiserum .. 

ft 

16 

re M.L.D. toxin .. 

» 

17 

\ + 1 c.c. B, hotulinus type C antiserum 

ft 

18 

f Controls 

Dead 3 days 

19 

M.L.D* toxin 

Dead 2 days 
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The toxin is neutralized by both B. botulinus type C and B. para- 
botulim^ antisera (also by polyvalent serum containing type 0 anti¬ 
bodies) and is therefore that of B, pardbotulinus which is known to be 
neutralized by type C as well as by its homologous serum, type C toxin 
being neutralized only by its homologous serum. 

To obtain confirmation of this result, in view of the contradictory 
finding in the preliminary test with unfiltered toxin, a further test was 
carried out in which mice were substituted on account of shortage of 
guinea pigs. The M.L.D. of the filtered toxin for a 30 gm. mouse was 
found to be 0.01 c.c. The toxin-antitoxin experiment, the results of 
which are tabulated in Table 3, was carried out in a comparable 
manner to the previous teat. The amount of inoculum in each case was 
1 c.c. given intramuscularly. 


Table 3. 


Mouse No. 

Tnoculatiou. 

Result. 

6 

J 

'6 L.M.D. toxin 

Died 1 day 

7 

i 

-f 0 • 6 c.c. B. botulinus type A antiserum .. ., ^ 

»» 

8 

J 

'6 M.L.D. toxin 

Survived 

9 

i 

+ 0*6 c.c. B. botulinus type A, B, C antiserum 

- 

10 

J 

^6 M.L.D. toxin 


11 

1 

^0*5 c.c. B. type C antisenim 


12 

J 

r5 M.L.D. toxin 

! 

13 

1 

-f- O’ 5 c.c. B. parahotulinus antiserum 

»» 

14 

J 

f Controls 

Died 1 day 

15 


(^6 M.L.D. toxin 

>» 


This test confirmed the previous one. The organism isolated is 
therefore B, parahotulinus. 
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Thrips Investigation. 

I. The Seasonal Fluctuations in Numbers of Thrips imaginis 
Bagnall and Associated Blossom Thrips. 

By J. W. Evans, M,A,* 

{From ih^ Waite Agricultural Research Institute^ University of Adelaide.) 

. The occurrence of thrips in plague numbers throughout the southern 
areas of Australia has been recorded at intervals during the past 25 years. 
Thrips imaginis, which inhabits flowers and blossom, is the important 
species concerned. These infestations occur in spring and early summer, 
and are associated with a marked reduction of the apple crop in these 
years. As a result of these losses, thrips play a part in influencing the 
State-wide fluctuation of the apple crop, a problem of great importance 
to the industry. 

An investigation of thrips, in this respect, has been undertaken as a 
co-operative enterprise between the Council, the Waite Agricultural 
Research Institute (University of Adelaide), certain State Departments 
of Agriculture, and the Thrips Investigation League, and has been placed 
under ^he direction of the Chief Entomologist at the Waite Institute, Dr. 

J. Davidson (see page 216). The Thrips Investigation League is a body 
that was set up by fruit-growers, merchants, and others concerned in the 
fruit industry soon after the disastrous thrips year of 1931. Its objects 
are to stimulate the investigation of the thrips problem, and to collect 
funds to supplement those made available by research organizations 
studying that problem. 

The present paper by Mr. Evans deals with the results of observations, 
obtained during the past year, on one aspect of the problem.—E d. 

Summary. 

A study is being made of the seasonal fluctuations in numbers of Thrips 
irdagvnis, and associated blossom thrips, in the neighbourhood of Adelaide. A 
summary of the data obtained during a complete year from April, 1932—^Maroh, 
1933, is presented. Throughout the year, daily records have been made of counts 
of the thrips populations of roses. During the spring, additional daily records 
were obtained of the thrips populations of other blossom. The purpose of this 
aspect of the investigation is the determination of the factors responsible for 
thrips infestations, by means of the correlation of the rises and falls of the 
populations with meteorological conditions. 

A method by which the periods of generations of Thrips imaginis during any 
season can be calculated from data concerned with the development of the insect 
at different temperatures is given in an Appendix. 


1. Introduction. 

In order to obtain definite information regarding the factors respon¬ 
sible for thrips infestations, a study is being made of the seasonal 
fluctuations of natural populations of blossom thrips in the neighbour¬ 
hood of Adelaide. This work will be carried on continuously during 
the course of the investigations. The data presented here comprise the 
results of the first year’s observations from April, 1932—March, 1933 
inclusive. . ^ 

* An officer of the Councirs Divlaioa of Economic Entomology, attached to the Waite Institute 
In connexion with the Inve^Ugatlott. 
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2 . Sampling Technique. 

Eecords of thrips populations are made in the following manner:— 
Samples of flowers from a plant are cut directly into a cylindrical card¬ 
board box, which is closed with a tightly fltting lid. The box is taken 
into the laboratory, and its contents emptied into a large glass cylinder. 
This*** has an open bottom, which rests on a sheet of paper, a perforated 
zinc tray inside, on which the blossom rests, and a close-fitting lid having 
a cotton wool pad in the centre. The outside of the cylinder is covered 
with black paper, from the top to the level of the tray. Before, the 
flowers are put in, a few drops of turpentine are placed on the cotton 
wool, and an electric light, with the bulb close to the bottom of the jar, 
is turned on. About half-an-hour after the flowers have been put into 
the cylinder, the great majority of the thrips that were in them are found 
dead on the paper, only a few remaining in the blossom. The insects 
are transferred with a camel-hair brush to a small dish of dilute alcohol, 
separated into species, sexes, adults, and nymphs, and each group 
counted. The locality, date, and amount of blossom from the host plant 
are then recorded, together with details of the thrips population. In 
addition to scattered observations made in various localities during the 
year, several consecutive series were made during the spring, and one 
consecutive series has been carried on during the whole year. In all, 
nearly a thousand separate records have been kept. 


3. Population Records. 

(a) Rose Series. 

Since the beginning of April, 1932, sample counts have been taken 
of the thrips populations of roses growing in a garden adjacent to the 
Waite Institute. For eight and a half months of this period, twenty 
roses at the same stage of development were picked daily from one of 
three hedges of Cecil Brunner roses growing in this garden, and their 
thrips inhabitants were recorded. For three and a half months during 
the winter, these roses were not available, and from 7th July until 23rd 
August, the samples were taken from such scattered roses of various 
varieties as were present in the garden. Towards the end of August^ 
a bush of Fortuniana roses came into flower, and from the 26th of this 
month until 31st October, records were regularly taken from it. Thrips 
imaginis was the only species present in every sample; the others in order 
of persistence were Haplothrips victoriensis Bagnall, Isoneurothrips 
australis Bagnall, Thrips tahaci Lind, and Franhliniella insularis 
Franklin. Six other species occurred occasionally in small numbers, 
the most prevalent being Physothrips hellyanus Bagnall, in winter and 
spring, and Desmothrips davidsoni Morison, during the summer. 

Apart from imaginis, the species mentioned above play no appreci¬ 
able part in outbreaks, but their fluctuations in numbers are being fol¬ 
lowed for comparative purposes, and to add to our knowledge of thrips 
in general. Although the method of sampling may remain standardized 
throughout the season, the number and kind of flowers in the locality 
under observation are changing all the time. Therefore, samples of 
host plants examined for the purpose of determining the seasonal 


• Being described in the Bvtt, EnUm, Bet., S41 1088. 
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fluctuations in the numbers of any species cannot contain a constant pro¬ 
portion of the available numbers in any selected locality. It is, how¬ 
ever, believed that, in the case of imaginis and victoriensis^ the numbers 
recorded in roses represent a fair sample of the adult population, as 
these species prefer roses to other flowers. Boses are not the favorite 
food plant of tabad, australisj and insularis. Therefore, these species 
are represented in counts from roses only when they are distributed 
generally in very large numbers. Ageratum, carnations, and chrysan¬ 
themums are among the favoured hosts of tabaci; myrtles and euca- 
lypts of australis; and carnations, scabious, and geraniums of insularis. 
Hence a sudden influx of any of these species of thrips into roses need 
not necessarily signify the emergence of a brood; it may equally mean 
that some nearby chrysanthemums, carnations, or myrtles have finished 
flowering, and that their thrips inhabitants have accordingly been forced 
to seek such other food as is available. Conversely, the absence of these 
species from roses is no indication that there are no thrips about at the 
time, as it is generally possible to find small numbers of all the three 
species referred to above in their principal host plants, during any 
month of the year. 



Fig. 1. Showing the seasonal fluctuation in thrips in roses at the 
Waite Institute, 1932-33. 

Figure 1 represents the average daily numbers of male and female 
Thrips imaginis in one rose, over a period of twelve consecutive months. 
The chart is constructed from 274 daily records. The numbers of 
nymphs found have not been plotted, as roses are evidently not favor¬ 
able breeding sites. Possibly the hardness of the calyces and flower 
stalks prevents the insertion of the insect's ovipositor. 
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The chart gives an accurate picture of the fluctuations of generations, 
with the exception of the latter half of October, when the Fortuniana 
roses w^ere past their prime and few in number. Other records made at 
this time indicate the second spring generation emerged two weeks 
earlier than is shown in the chart. In a previous publication,* attention 
was drawn to the fact that, during the autumn, the weather resembles 
that of spring, and that these two periods afford optimum conditions for 
the increase of thrips. That the conditions during April were more 
favorable for reproduction than in March is shown in Fig. 1 by the 
rise in numbers in May. (In March, the average mean daily tempera¬ 
ture was 20° C., and 160 points of rain fell. In April, the average mean 
daily temperature was 15.2° C., and 550 points of rain felir) The 
three waves of increasing emergence in May are followed by a further 
increase in June. This is succeeded by a drop during July and August. 
At the end of the latter month, and during September, the emergence of 
the first spring generation took place. During October, the numbers 
drop^d on account of the cold weather, and it was not until November 
and December that any considerable increase occurred. The num¬ 
bers again fell in December, reaching a low level, which was maintained 
until the end of the period under consideration. 

9 

The sox ratio did not remain constant throughout the year. In 
April, the sexes were approximately equal. In May, the females out¬ 
numbered the males, and again, to a greater extent, in tlune and July. 
The spring emergence was almost entirely composed of females. In 
November, the proportion of males increased, and from December until 
the end of March the sexes were approximately equal. 

Two types of parthenogenesis have been shown to occur among 
thrips; (a) thelyotokous parthenogenesis, in which eggs from unfertilized 
females give rise only to female offspring, as with T. tahaci in the 
neighbourhood of Adelaide, where males have not been found; (b) 
arrhenotokous parthenogenesis, in which eggs from unfertilized females 
give rise only to males (fertilized eggs produce only females). A third 
typo has been recorded by Eaymondt with Ehysopiis palUpennis TJzel, 
in which thelyotokous par then ogenetic generations alternate with sexual 
generations. 

Thrips imaglnis belongs to the second type. The first autumn 
generation appeared in May, and was the progeny of the relatively small 
numbers of thrips living in April. It was closely followed by the second 
generation which emerged in June. The male line followed the female 
line during both generations, but at a progressively lower level (Fig. 1). 
The majority of the eggs laid by females of the first generation must 
have been fertilized, and lienee gave rise to a preponderance of females. 

There is no true resting stage, merely a delayed development during 
the winter, the spring emergence being composed of offspring of the 
second autumn generation. In the autumn, the males started from 
stock composed of approximately equal numbers of the sexes, and the 
proportion of males to females steadily decreased. In the spring, the 
proportion of males increased, following on a generation consisting 
largely of females, until once more, in the summer, a balance was estab¬ 
lished between the sexes. 

* Connell for Setentiflo and Indnstrlal Besearch, Pamphlet 80,1032. 

t Raynmnd, 0. Contributions k I'^tude des Thrips attaquant les oelllets." Ann. Soc. Linn. 

Lyon 08: 1028. 
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For the purpose of this paper, the length of a generation is defined 
as the period required for the complete development of an individual 
from the time the egg is laid until the resulting adult lays eggs. Those 
individuals that reach adult stage during this period of time are con¬ 
sidered as comprising a generation. In the Adelaide district, where low 
winter temperatures are seldom recorded, eggs may be laid and develop¬ 
ment continue throughout the year, so that actually there is a succession 
of generations. (The average mean daily temperature for June and 
July, for the last eight years, recorded at the Waite Institute is 10.9° C.) 

For convenience, a generation may be considered as commencing on a 
date where a marked increase in the numbers of thrips (the result of 
favorable meteorological conditions), follows a period of a relatively 
stable though small population. Commencing with this selected date, 
the duration of a generation can be calculated approximately. One 
method of doing this is discussed in the Appendix to this paper. The 
beginning of a new generation may also be determined from analysis of 
samples of the population, since a change in the relative abundance of 
the sexes, or a sudden rise in numbers, indicates a new generation. 


(b) Cape Weed and Salvation Jane Series. 

In order to follow the progress of the thrips population during the 
spring, and to serve as checks on the counts made from roses during this 
critical period of the year, daily counts were made of thrips present in 
the flowers of Salvation Jane (Echium plantagineum), and Cape weed 
(Cryptostemma calendulaceum) y both introduced weeds known to be 
attractive to thrips. With both species, 60 flowers were picked every 
morning from the centre of large patches of the weeds growing near the 
Waite Institute. The numbers of thrips in the samples indicate only 
approximately the populations present at any time, since the numbers 
of blossoms present in the area did not remain constant. The thrips 
increased to a maximum at the middle of the period of flowering, and 
then decreased. It might be supposed that counts taken when the 
flowers were beginning to fail would show a disproportionately high 
number of thrips, the available numbers being crowded into a reduced 
quantity of blossoms. It is probable, however, that a reduction in 
blossom produces a corresponding reduction of the attractiveness of the 
area of weed for thrips, so that the two factors may balance each other. 

The charts (Figs. 2, 4, and 5) serve to demarcate the generations, 
and illustrate the effect of increasing temperatures in shortening the 
length of the generations. 

(i) Cape Weed Series. —Fig. 2 represents the progress of the popula¬ 
tion of Thrips imaginis in Cape weed flowers. It comprises two com¬ 
plete generations, the first commencing on 26th August and ending on 
8th October, the second emerging on 10th October and lasting until 
4th November. The drop in numbers after the latter date is due to the 
food plant dying out with the onset of dry weather. The two genera¬ 
tions can be separated by the relatively greater height of the male line 
after 10th October. 

In a previous publication, it was suggested that one of the causes to 
which thrips outbreaks may be ascribed is the alternation of very hot 
days with cold days in the spring, the hot days having the effect of 
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Ficj. 2. Showing the numbers of thrips in 60 flowers of Cape Weed 
in various months. 



Fig. 3. Chart showing the meteorological conditions during 
the observations of thrips populations. 
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Pin. 4. Showing the number of thrips in 50 flowers of Salvation Jane 

in various months. 
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bringing up together large collections of individuals which otherwise 
would have emerged on separate days. Figure 2 shows clearly how 
several separate waves of emergence may follow each other consecutively 
over a long period when the weather is cool. A few hot days early in 
September would have had the effect of producing less waves, but much 
bigger ones. The result of this syhchronization would show up in 
succeeding generations. 

Three separate waves will be noticed in the first generation. In 
the second generation, the first wave is distinct, being separated from the 
succeeding ones by a deep depression between 21st and 31st October, 
which can be correlated with the depression between 5th September and 
16th September, and is not the direct result of prevailing weather 
conditions. By comparing Fig. 2 with the meteorological con¬ 
ditions (Fig. 3), it will be seen that the extremes of temperatures are 
not correlated with rises or falls in the numbers of thrips. This corre¬ 
lation is not evident until a succession of days of high temperature 
(above 25° C.) have brought about an overlapping of waves or genera¬ 
tions, so that large numbers of individuals emerge directly the tempera¬ 
tures rises to a sufficiently high point. 

(ii) Salvation Jane Series. —Fig. 4, representing the spring popu¬ 
lation of Thrips imaginis in Salvation Jane flowers, comprises three 
complete generations and the commencement of a fourth. (Three of 
these generations are represented in a diagram, drawn to scale—Fig. 
5.) The fourth generation, being incomplete, is omitted. The height 
of each triangle represents the total number of thrips, whether males, 
females, or nymphs, that were found in the samples during the period 
of the generation involved. The base line represents the duration of the 
generations. It will be noticed in Table I, that the progeny of each 
generation consists of leas individuals than its forbears and its resulting 
adults. This is explained by the fact that, although a large proportion 
of the nymphs on a plant of Salvation Jane congregate on the flowers, 
numbers also feed on other parts of the plant, wherever shelter is 
obtainable. The adults, on the other hand, concentrate on the flowers. 


(c) Other Records. 

In addition to the series of records presented in the preceding para¬ 
graphs, other series were obtained. These will be useful for comparison 
with similar records for other seasons, and for determination of the 
plants in which the first spring generations of T, imaginis can multiply 
nrior to the blossoming of apple trees, A summary of the data obtained 
is given in Table II. T. imaginis was present in all the samples 
recorded below. Entries have been made in the last column of the table 
only if this species was scarce (less than an average of one insect to 
every two flowers), when the series commenced. 

With the assistance of orchardists at Kersbrook and Balhannah, 
records were kept of the thrips populations infesting the principal 
varieties of apples grown in these districts. In both localities, 50 
blossoms (approximately) were picked at random from each variety in 
flower at the time, and posted to the laboratory, where the thrips were 
isolated, sorted, and counted. The samples were taken twice a week. 
No difference was noted in the relative attractiveness to thrips of the 
different varieties. 



163 


Table I.—Numbers of T. imaginia in the Flowers of Salvation Jane 

DURING THE GENERATION PERIODS GIVEN IN COLUMN 2, AND 
Meteorological Data for the Corresponding Periods. 


GeDerattons. 

Length of Generations. 

Total 
Rainfall in 
Inches. 

No. of Days 
Rain Fell. 

Mean Daily 
Average 
Temperature 
r C.). 

Total 

Population. 

1 

27.8.32-11.10.32 

2*8 

34 

131° 

67 

6,849 ? 

Nymphs 

15.9.32-26.10.32 

2-2 

30 

iir 

4,0.34 

2 

12.10.32-4.11.32 1 

2-3 

1 16 

13-9° 

490 c? 
10,504 9 

Nymphs 

27.10.32-12.11.32 

•3 

! ’ 

nr 

7,997 

3 

5.11.32-22.11..32 

•2 

16 

17-9° 

2,046 (? 
17,147 9 

Nymphs 

13.11.32-30.11.32 

•3 

7 

21-2° 

14,618 

4 

23.11.32- 

*1 

3 

26*3° 

3,229 <? 
16,201 9 


Table II. —Summary of Population Records op T, imaginia, made 
IN the Spring of 1932, prior to October. 


Blf)Ssoin 

Locality. 

Samples Token 

No of 

Nvmphs first 

Increase 

In Nos. first 
Recorded. 

Prom— 

To— 

Samples. 

Recorded 

Almond .. 

Adelaide 

15th July 

1st Sept. 

24 

1st Sept. 

29th Aug. 

Prunua 

»» 

9th Aug. 

9th Sept. 

15 

9th Sept. 

26th Aug. 

Pisaardii 
Prunua Mume 

ft 

11th Aug. 

26th Aug. 

8 


22nd Aug. 

Plum 

,, 

29th Aug. 

28th Sept. 

17 

16th Sept. 

Pear 


2l8t Sept. 

10th Oct. 

9 

30th Sept. 


Acacia spp. 

»* 

2nd Aug. 

19th Sept. 

4 

14th Sept. 

14th Sept. 

Plum 

Blackwood 

1st Aug. 

19th Sept. 

17 

12th Sept. 

7th Sept. 

Cherry 

„ 

12th Sept. 

11th Oct. 

5 

nth Oct. 

Apricot 


nth Sept. 

14th Sept. 

3 

.. 

12th Sept. 

Pear .. ' 

»» 

24th Aug. 

nth Oct. 

9 

19th Sept. 

12th Sept. 

Acacia 

normalia 

A. pycantha 


16th Aug. 

1st Sept. 

3 

Ist Sept. 

1st Sept. 

»» 

24th Aug. 

10th Sept. 

4 

10th Sept. 


A. armcda 

»» 

24th Aug. 

10th Sept. 

4 



A. obligua 

** 

24th Aug. 

10th Sept. 

6 


Never 

Ai euUiformia 
A. anaphora 

ff 

Ist Sept. 


1 

1st Sept. 

abundant 

»» 

1st Sept. 

• • 

1 

1 

1st Sept. 

• • 
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The data presented in Table III. are given to show the small thrips 
populations present in apple blossom during the past spring. The 
orchard at Balhannah suffered severely from infestations during the 
1926 and 1931 season. 


Table III.— Avebagb Number of Thrips imaginis m One Apple 
Blossom, and Quantity of Blossom Examined, Octobbr- 
Novembeb, 1932. 


Balhannah. 


Kersbrook. 

Date. 

No. of 
Thrips 
per Blossom. 

No. of 
Blossoms 
Examined. 

Date. 

No. of 
Thrips 
per Blossom. 

No. of 
Blossoms 
Examined. 

4th October 

0*3 

166 

3rd October 

0*7 

137 

6th October 

0*45 

193 

6th October 

1*5 

170 

7th October 

0*4 

49 




11th October 

2*25 

289 

10th Octol^r 

1-0 

219 

14th October 

0*9 

290 

14th October 

2*1 

324 

17th October 

2*3 

276 



< 

19th October 

1-6 

39 

19th October 

2-6 

374 

20th October 

0*4 

297 

2lBt October 

1*6 

323 

24th October 

0*9 

294 

24th October 

9*8 

467 

27th October 

2*6 

294 

, , 


,. 

Slst October 

3*6 

198 

Slst October 

14*0 

286 

3rd November 

2*9 

63 

3rd November 

11*8 

89 


4. Discussion. 

The main purpose of this paper is to put on record certain observa¬ 
tions made during the course of the investigation in 1932-33. When 
similar data have been accumulated over a longer period, an attempt will 
be made to analyse fully the information thus obtained. 

The records enable one to correlate fluctuations in thrips populations 
with meteorological conditions. It is evident that the important factors 
regulating their numbers, and hence the occurrence of plague infesta¬ 
tions, are the weather conditions prior to, and during, an infestation. 

The control exerted by parasites or predators, at any time, or in any 
place, appears to be of so little account as to be of no more than of 
academic interest. 

That the meteorological conditions responsible for outbreaks are not 
small local departures from the normal, but climatic variations on a 
big scale, is evident from the fact that outbreaks of thrips occur at the 
same time over immense areas of Eastern and Western Australia. In 
these areas, the outbreaks may vary in intensity in different places, due 
to such factors as elevation, hence greater rainfall, or to a profusion or 
lack of breeding sites. 

It is the opinion of the writer that the numbers of individuals com¬ 
prising the first spring generation determine the possibilities of a sub¬ 
sequent infestation. The numbers present in this generation are 
dependent especially on the meteorological conditions during the pre¬ 
ceding four months. 
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An examination of the meteorological data for paet years has shown 
that thrips outbreaks in the spring have invariably followed winters of 
abnomally heavy rainfall. The total rainfall recorded at the Waite 
Institute from April to August, 1932, was 20 inches; the average rain¬ 
fall recorded at Adelaide for the same months over 78 years is 12.7 
inches. Thus, on the assumption that a heavy winter rainfall is favor¬ 
able to thrips increase, the spring of 1932 can be regarded as one in 
which a thrips outbreak was possible. 

From the data presented in Figs. 1, 2, and 4, it is apparent that the 
emergence of the first spring generation was spread over a long period; 
hence the appearance of the second generation was delayed. Also, as 
shown in all three figures, and in the numbers given in Table I., the 
increase in the numbers of thrips of the second generation compared 
with its predecessor was negligible. 

Owing to the cold wet weather prevailing during October, the length 
of the second generation was protracted, the third generation not appear¬ 
ing until November, and it was not until the appearance of the fourth 
generation, at the beginning of December, that any appreciable increase 
in thrips was evident. This increase was due more to overlapping waves 
of emergence, the result of high temperatures, than to actual multiplica¬ 
tion as the result of reproduction. 

If a chart similar to Fig. 1 had been constructed for the 1931 season, 
the maximum value of the population curve at the end of October would 
have been four times that of the maximum value reached in 1932, 


5. Notes on Associated Blossom Thrips. 

(a) Thrips tabaci ,—This species, of which only females have been 
found in South Australia, is present in small numbers throughout the 
year, but during the twelve months over which records have been kept, 
it has never become very numerous. A statement made on page 30 of 
C.S.I.E. Pamphlet 30, to the effect that T. tahaci does not begin to 
reproduce until the end of October, should be modified, as in each of 
eight sample counts from ageratum, taken between the middle of August 
and the end of October, not only were individuals of the species found 
in comparatively high numbers, but there were also nymphs in every 
sample taken, it is most abundant and widely distributed during the 
summer months. 

(b) Isoneurothrips australis has two periods of increase during the 
year, namely, autumn and spring. The autumn increase carries on longer 
than in the case of T. imaginis, and the spring one begins earlier. 
During the periods of favorable meteorological conditions, J. australis 
is distributed in a wide range of host plants, but in the summer, with 
the exception of stray individuals, it is confined to Eucalyptus blossom. 

(c) Franhliniella insularis is only abundant during the summer, and 
was absent from all records made between May and November. During 
December, January, February, and March, it is widely distributed over 
a wide range of plants, of which carnations are the most favoured. 
Neither this species nor T. tahaci confine their feeding to blossom to 
such an extent as T. imagmis; they are frequently found feeding on 
leaves. 
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{d) Haplothrips victoriensis is abundant from the beginning of 
December until the end of March, is present in reduced but quite high 
numbers, from April to June, and persists throughout the winter and 
spring at a low level of abundance. 

(e) Other Species .—The species mentioned above have been 
selected for notice since they occur persistently during certain months in 
blossom with T. imaginis. None of them has such a wide range of 
hosts as T. imaginis, and it may be that none of them has such a short 
life-cycle. Six other species have occurred in the samples taken, but 
little information has been gathered concerning their range of host 
plants or season of abundance. 


6. Conclusions. 

The data presented in this paper consist of records of field obscrva- 
ns. Correlation of meteorological records with population fluctuations 
will indicate the factors influencing the rise and fall in thrips 
abundance. Before an accurate analysis of the effect qf the different 
factors involved can be attempted, laboratory experiments will have to 
bo carried out to elucidate many points. 

Although the records given here have been made in South Australia, 
the picture of the seasonal fluctuations in numbers of Thrips imaginis 
they present will be found to be very similar to the conditions obtain¬ 
ing elsewhere in temperate Australia, excepting during the winter. In 
this season, in the colder parts of Victoria and New South Wales, it is 
probable that there is a true dormant period, or hibernation, rather than 
a slow development. The effect of low winter temperatures and rain¬ 
fall, in this respect, has yet to be investigated. 
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Appendix. 

METHODS OF CALCULATING THE DURATION OF GENERATIONS 
OF THRIPS IMAGINIS, 

In a previous publication (C.S.I.R. Pamphlet 30, 1932), data were presented in 
connexion with the development of Thrip^ irmginis at various constant temperatures, 
and from this data a temperature-development curve was calculated for the complete 
development of an individual from egg-laying to adult stage. 

It has been shown by other workers that the rate of the development of the insect 
embryo may have a different velocity to that of the succeeding developmental stages. 
Accordingly, from the available data, separate curves (Fig. 6 ) have been constructed 
for two stages. 



Fid. 6 . Teni|»erature*devolopn)ent curves and temperature^ 
velocity curves of Thrips hnaginis for the periods egg- 
laying— egg-hatching (A), and egg hatching—egg- 
laying (B.) 


The temperature-development curves have been plotted in accordance \^ith the 
formula d — ^- 3 -^ where d ~ the developmental period in days ; f = temperature in 

degrees Centigrade; c = the developmental zero, and K — the thermal constant. 
Using the data from observations at two different constant temperatures, the develop¬ 
mental zero for each stage was calculated from the formula c ■= 

d — D 

For the period, egg-laying (E.L.) to egg-hatching (E.H.), the developmental zero 
is 6 * 6 ® C., and for the period egg-hatching to cgg'laying, 9 ° C. The points plotted on 
the E.H. to E.L. curve represent not merely the periods to adult stage, but include also 
the period until the eggs are mature and oviposition can take place. 
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Thus, at 13*5^ C., where the period £.H. to adult is 23 days, two extra days are 
allowed for the maturation of the eggs. At 25^ 0., the period E.H. to adult is six dimt 
and one extra day is allowed. The two periods are both based on obseryations. For 
the period E.L. to E.H., the thermal constant is 65 *2° 0., and for the period E.H. to E.L., 
112-6® C. 

The periods of the generations obtained by this method are approximate only, since 
they are derived from observations on the development of the insect at constant tempera¬ 
tures, and such conditions do not occur in nature. 

Closest correlation between the periods of calculated and observed generations might 
be expected when the calculations are based on medial temperatures, that is, those 
temperatures whose range lies on the straight line portion of the velocity curve, since 
development will not he influenced by retardation resulting from high temperatures, 
nor by the lag effect consequent on low temperatures. 

It would seem that with T. imaginia the developmental zero is close to the point 
where the velocity curve intersects the temperature axis. The periods of generations, 
calculated by summation of effective mean temperatures, until the thermal constant 
is reached, are almost identical with corresponding periods arrived at by avera^g the 
mean daily temperatures, and referring the resulting mean temperature obta^ed to the 
development curve (Fig. 6). 

In Table IV., column 8, the generation periods are calculated by the latter method, 
those in column 9 by the former. No claims are made that calculations of the pejriods 
of generations based on this method are strictly accurate, but they serve to deflne their 
approximate duration. 


Table IV. —Calculated Length of Generations of Thrips imagines from 
April to December, 1932. 


a 

o 

1 

1 

Date of 

commencement of 
generations (E.L.). : 

1 

1 

% 

la 

Average mean | 

temperature in ® C. 
E.L. to E.H. 

Average mean 
temperature in ® C. , 
E.H. to E.L. 

Total rainfall 
in points during 
each generation 

Average number of 
thrips in one rose. 

Length in days 
of complete 
generation. 

Length in days 
of corresponding 
generations, 
calculated by 
summation of 
effective mean 
temperatures. 

1 

18th April 

26th April 

14-7 

16-9 

- 96 

3, (J 
»,? 

26 

23 

9 

“ 1 

i 

14th May 

20th May 

15-9 

14-9 

288 

20, ? 

26 

28 

3 

9th June 

24th June 

105 

110 

1,083 

!.<? 

«.? 

78 

78 

i 4 

i 

26th Aug. 

4th Sept. 

12-8 

13-3 

250 

l.<? 
19, ? 

36 

35 

5 

Ist Oct. 

loth Oct. 

,1 

131 

13-6 

2.59 

12, cJ 
76, V 

32 

34 

6 

3rd Nov. 

9th Nov. 

1 

180 

180 

30 

80, cJ 

187,$ 

19 

20 

7 

22nd Nov. 

26th Nov. 

198 

22 1 

12 

138, <J 
216,? 

13 

16 

8 








15 

9 

18th Dec. 

22nd Deo. 

21-7 

17*2 

26 ! 

8 , J 
37.9 

18 

16 
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May 14th has been taken as a suitable starting point from which to calculate the 
periods of the generations. Reference to Fig. 1 in the main part of the paper, will show 
that the first appreciable increase in the numbers of thrips was recorded on this date. 
From this date, the len^h of the previous generation has b^n calculated, and the number 
of generations which developed until the end of the calendar year. From November 
onwards, high temperatures may exert a harmful effect. Above 25^ C., the velocity 
of development changes and proceeds at a slower rate up to 30° C. Above that point, 
the effect of high temperatures has not been investigated, but there can be no acceleration, 
and in all probability the velocity wiU be considerably retarded. Consequently, the 
figures given for the lengths of the last four generations are probably smaller than would 
be the case had it been possible to make accurate corrections for degrees of temperatures 
recorded over 26° C. 

In Table V., the engths of the generations actually observed during the past spring 
are given. 


Table V.— Obsebved Pbeiods of Qbnbbations of Thrips imaoinis from August 

TO November, 1932. 


Qcnera- 

tiODS. 

Boses. 

Salvation Jane. 

Cape Weed. 

Befiinning of 
generations. 

Length 

In days. 

Beginning of 
generations. 

1 Length 
in days. 

Beginning of 
generations. 

Length 

In days. 

1 

'^6th Aug. 

48 

1 

' 27th Aug. 

46 

26th Aug. 

45 

2 

13th Oot. 


12th Oct. 

23 

10th Oct. 

25 

3 

7th Nov. 

15 

1 4th Nov. 

18 

4th Nov. 

•• 

4 

22nd Nov. 

i 22nd Nov. 

1 

- 

•• 

•• 


^ Both calculations and observations indicate that the spring emergence or first spring 
generation commenced on 26th August, and that the fourth spring generation first 
appeared on 22nd November, but the calculated periods of the first two generations differ 
considerably from the observed. The influence of rainfall on the environment of the 
insect is little understood; hence no explanation can yet be offered to account for 
this divergence. A comparison of Table IV. with Fig. 1 will show that the calculated 
duration of the first autumn generation coincides with &e observed duration. The same 
correlation is evident with the second autumn generation, which extends through the 
winter. In the locality where these observations have been made, it is evident that a 
slow development of the insect in its different stages takes place throughout the winter. 
It is probable, however, that in parts of Victoria where winter temperatures frequently 
fall below the developmental zero, conditions approaching true hibernation may obtain. 
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The Composition of Different Regions of Mounds 
of Eutermes exitiosus Hill. 

By F. G. Holdaway, MSc., Ph.D* 

Summary, 

Ill the develojiment of standard laboratory colonies of Eutermes exitiomis 
Hill, it has been necessary to decide on the most suitable kind of mound 
material to be used. Analyses of five mounds have served as a basis for 
studying the variation in composition of the three regions of the mound. The 
variation in composition of the inner wall is small, and is only slightly more 
than that of the nursery. Since the nursery provides only a small amount 
of material while the inner wall provides a large bulk, the inner wall has been 
decided on for laboratory colonies. 

I. Introduction. 

The study here reported forms one phase of the development of 
standard laboratory colonies for testing timbers for relative resistance 
to “ wliite ant ” (termite) attack, and for studying treatments for 
preventing attack. The aim of the wbrk is to develop laboratory 
colonies which are standard as regards population of termites and 
amount of nest material. These will bo maintained in the laboratory 
under satisfactory controlled physical conditions which are being 
determined. Preliminary inquiries along these lines have been reported 
elsewhere by Mr. G. F. Hill (1930), whose initial studies have paved 
the way for those now in progress. 

Eutermes exitiosus is considered by Hill (1932a) to be one of the 
most important economic species of termite in South-Eastern Australia. 
In passing, it is of interest to note that this species does not contain 
the cellulose-digesting Protozoa which Cleveland (1923) formerly 
considered were essential for the digestion of wood by wood-eating 
termites. Bacteria are present, and possibly they perform for Eutermes 
the function performed by Protozoa in other species. 

The mound of Eutermes is composed of three regions with fairly 
definite limits, (i) the outer wall averaging about 3 inches in thickness 
and composed of earthy material with large galleries, (ii) the inner wall, 
tough and woody, 5 or 6 inches in thickness, with a lower proportion 
of earthy material and a higher proportion of organic matter, and (iii) 
the nursery,which occupies the centre of the mound and extends 
below the ground level. (Vide Plate 1.) It is composed of brittle 
woody material forming the thin walls of an intricate system of 
galleries. The average dimensions of mounds of the size used in this 
work are as follows. The average is based on seventeen mounds:— 


Horizontal IMmensions 
(at ground level). 

Height. 

Outer Wall. 

Inner Wall. 

Nursery. 

Vertical ^ Horizontal 
Dimensions. 

3 ^ 4r X 3 ' r 

1 

16^ 

1 

3-5" 

6 -6^ 

1 

13" X 14" 

1 


• An officer of the Division of Economic Entomology. 

t The name *' nuraery *’ Is nsed for this region of the mound, since, In general the queen Is 
located there and there eggs are laid and juveniles reared Nevertheless, the nursery is not 
restricted to these uses. Workers and soldiers, and nymphs and winged forms too, at certun times 
of the year, particularly in the cold weather, congregate there in large numbers. 
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PLATE L 



Img. 2. The same mound cut vertically to show the three regions, outer walU 
inner wall, and nursery. The limits of the regions are indicated on the 
left side of the mound by means of white headed nails. The photo also 
shows that the nursery extends below ground level. 






















162 


Details of the procedure developed for setting up laboratory colonies 
will be given later. For the present, all that it is necessary to mention 
is that a known amount of termites is placed in a quart jar with 
definite amounts of wood and nest material of known moisture contents. 
There is a certain amount of food material available in the mound 
for the termites, and as the composition of the different regions is 
different, it has been necessary to determine the most satisfactory kind 
of mound material to use. Further, as the colonies are to be as standard 
as is practicable, it is necessary to use mound material which is fairly 
constant in composition and to know the degree of variation in its 
composition. 


2. Analysis of Mounds of Eutermes exitiosm. 

Five mounds of the size usually used to provide both mound material 
and termites for laboratory colonies were selected in a variety of 
situations in the neighbourhood of Canberra from which mounds are 
usually collected. Particulars of these mounds are given in Table 1. 


Table 1.—Pabticulars op Mounds Used for Analysis. 


Number 

of 

Mound. 

Dimensions. 

Aspect.. 

Slope. 

Soil. ! 

_ i 

Remarks. 

Horizontal. i 

Vertical. 

1 

3'8^x3'10^ ; 

15" 

1 1 

N.W. ' 

Slight .. 

Gravelly 

1 

2 

3'3^x3'8^ 

i 

17" 

N.N.W. 1 

1 

Moderate 

Grey shale 

Mound against stump 
of tree 

3 

3'4-'x3'8^ 1 

22" 

E.N.E. : 

i 

Slight .. 

Grey shale 
tending to 
yellowish 

Butt of tree incor¬ 
porated in mound 

4 

3'4-'x.r6-' 

1 1 

14" i 

! 1 

1 i 

1 

N.N.W. j 

I i 

Moderate ! 

i 

Brown 

shale 

1 

Mound on ridge. Nest 
of meat ants Jrido- 
myrmex deiectus 

Sm. near edge of 
mound. Samples 
obtained fmm 

opposite side 

5 

i 3' 3" X 3' 8" 

19" 

N.N.E 

Moderate 

Yellowish 

brown 

gravel 

Fairly open surround¬ 
ings. lliiok, friable, 
outer wall 


Portion of each region of each mound was broken up and freed 
from termites. Samples of each, 3 lb. in weight, were then forwarded 
to the Waite Institute, Adelaide, for analysis. (The total nursery 
material suitable for analysis usually weighed a little less than 3 lb.) 
The results of the analysis, made by Mr. 0. S. Piper, are given^in 
Table 2. The percentage of inorganic material is obtained by sub¬ 
tracting the percentage of organic material from 100. 

In Table 3, the variation in composition of the different regions is 
given in terms of the coefficient of variation x 100^, 
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Table 2.—^Analysis op Mounds op Eutermes exitioaus. 


{All results expressed on oven^dry basis.) 


Mound 

No. 

Region. 

Inorganic 

Material. 

Organic 
Material 
(Loss on 
Ignition). 

Nitrogen. 

Organic 

Carbon. 

1 

Outer wall 

Inner wall 

Nursery .. 

% 

62-14 

20-5 

14-22 

% 

47-86 

79-60 

86-78 

0/ 

/o 

0-349 

0-660 

0-631 

% 

26-3 

43-7 

47-3 

2 

Outer wall 

62-9 

47-1 

0-31 

26-3 


Inner wall 

14-2 

86-8 

0-49 

47-9 


Nursery .. 

110 

89-0 

0-68 

49-9 

3 

Outer wall 

65-9 

34-1 

1 0*27 

17*3 


Inner wall 

160 

86-0 

0-676 

47-6 


Nursery .. 

6-2 

93-8 

0-74 

62-8 

4 

Outer wall 

66-3 

1 34-7 

0-27 

18-3 


Inner wall 

8-6 i 

1 91-4 

i 0-69 

60-9 


Nursery .. 

110 

89-0 

0*76 

61*1 

5 

Outer wall 

81-6 ; 

i 19-4 

0*136 

1 7*6 


Inner wall 

16-8 

83-2 

! 0-63 

46*1 


Nursery .. ., 

12-9 

87-1 ] 

i 

0-64 ' 

1 

48*9 


Table 3.—Comparison of the Variation in Composition of 
Different Regions of Mounds of Eutermes exitiosus. 


Region. 

Component. 

Coefficient of Variation 
/Standard Deviation ^ \ 

\ Mean * 

Outer wall 

Organic material 

31*8 


Organic carbon 

39-1 


. 

29-9 

Inner wall 

Organic material 

5-1 


Organic carbon 

5*6 


N, . 

13-6 

Nursery 

Organic material 

3*4 


Organic carbon 

4*2 


N. . 

11-0 


It will bo seen that there is least variation in the nursery. The 
inner wall shows a variability only slightly greater than that of the 
nursery, while the maximum variation is found in the outer wall. 
The nursery, with its open structure and thin walls, provides very 
little bulk. It could thus provide nest material for only a small 
number of laboratory colonies. The inner wall, on the other hand, 
provides a much greater bulk. This fact and the fact that the variation 
in composition is very little greater than that of the nursery have 
led to the decision to utilize the inner wall for laboratory colonies. 
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3. The Lignin and Cellulose Content of the Three Regions of a Mound 

of Eutermes exitiosus. 

Since ligiiin apparently haa no food value for termites (Cleveland 
3925) and is thus apparently excreted unaiTected by the digestive 
juices, the lignin content of the different regions of a mound should 
give an indication of the proportion of excrement in each region. 

The three regions of mound No. 1 have been analysed for lignin, 
cellulose, and total pentosans by Mr. W. E. Cohen, of the Division 
of Forest Products. An account of this analysis is given elsewhere 
(Cohen 1933). The results, Tables 4 and 5, show that the lignin 
content is highest in the nursery, whilst there is also a high lignin 
content in the inner wall. The proportion of excrement used in the 
construction of the nest is thus highest in the nursery and lowest in 
the outer wall. 

Table 4. —Results of Analysis of Mound No. 1 Expressed as 
Percentages of Oven-dry Weight of Original Material. 


A 


Location of 
Samples. 

Total 1 

Combustible 
Matter. | 

Amount 
Soluble in 

0'5 per cent. 
NaOH. 

Cellulose. 

Liffnin. 

• Ratio 
Lignin: 
Cellulose. 

Total 

Pentosans. 

Outer wall 

48-H 

j :i6-9 

1 

1 

2-4 

11-5 

4-8 

4-7 

Inner wall 

79-9 

436 

5-6 

1 23-8 

4-3 

8-0 

Nuraery 

86-0 

46-1 

7-3 

1 27-0 

3 7 

7*2 


Table 5.— Results of Analysis of Mound No. 1 Expressed as 
Percentages of Oven-dry Combustible Material. 


Location of Samples 

Cellulose, 

Lignin. 

Total Pentosan". 

1 

Outer wall .. 

5*0 

23 8 

9*7 

Inner wall .. .. .. 

7*0 

29*8 

100 

Nursery 

8*5 

31*4 

8*4 


The presence of cellulose in a more or less uniform proportion to 
lignin in all parts of the mound suggests that a proportion of cellulose 
is undigested by the termites and is passed to the exterior with the 
lignin. Eutermes exiiiosus is a wood-feeding termite. The ratio ^f 
lignin to cellulose in its food would therefore be about 2 : 1, and this 
ratio has been changed by digestion of cellulose to 1:4. (A similar 
change from a lignin: cellulose ratio in camphor wood of about 2^:1 
to a ratio of about 1:4 in the nest is recorded by Oshima (1919) for 
Coptotermes formosanus,) A close examination of the lignin: cellulose 
ratio shows, however, that there is a definite increase in this 
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ratio from nursery to outer wall. It has been pointed out by Mr. T. 
Greaves that constructional work on the termitarium is greater in the 
outer layers than in the inner, and that the termites work from inside. 
It appears then that the explanation of the higher lignin: cellulose ratio 
in the outer layers of the mound is that, during constructional work, 
portions of the mound are eaten and a further proportion of the 
undigested cellulose is digested and absorbed. 
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An Analysis of Termite {Eutermes exitiosus) 
Mound Material. 

By IV. E. Cohen, B.Sc.* 

1. Introduction. 

In the course of investigations that are being undertaken by the 
Division of Economic Entomology, and which have as their object the 
development of a standard laboratory termite colony, consideration is 
being given to the chemical composition of natural mound material. 
Preliminary examinations of some samples having indicated that the 
greater proportion of the material was of organic origin, the deter¬ 
mination of cellulose, lignin, and other woody constituents was under¬ 
taken at the request of the Division of Economic Entomology. 

2. Nature of Investigation. 

Since the mound material was not entirely of organic origin, it was 
necessary to improvise methods of analysis. The application of thdbe 
methods was not without difficulties, and hence the following brief 
description of the methods finally employed may be of interest. 

Termite mound material consists of (i) organic substances, many 
of which may be recognized as degradation products of wood or other 
cellulosic materials, and (ii) inorganic substances apparently including 
clay, which is possibly the cementing material employed by the termites. 
The presence of this clay presents difficulties when attempts to determine 
cellulose, lignin, etc., are made. Such determinations involve a number 
of chemical operations, each of which introduces a filtering process at 
some stage or other. With such a substance as clay present, and with 
no possible means of altering its colloidal condition without affecting 
the organic constituents of the mound material, none of the usual 
filtering processes can be employed. Thus, such filtering media as 
alundurn crucibles, fritted glass, Gooch crucibles, and filter paper soon 
become impervious. Furthermore, the latter cannot be used with safety 
when the determination involves its owm substance, i.e., cellulose. The 
only alternative to filtering during this analysis was to centrifuge, and, 
therefore, throughout the methods that are described below, all opera¬ 
tions involving the separation of solids from liquids were carried out 
by centrifuging, f 

3. Methods of Analysis. 

Cellulose was determined by means of a procedure which differed 
in detail only from that described by J. A. Daji for the determination 
of cellulose in soil(l), and any reservations which apply to the results 
obtained by using his method must necessarily apply to those recorded 
in this paper. The procedure employed was as follows:— 

Duplicate samples were weighed out in each case, approximately 
3 gms. of material being taken for each duplicate, and a moisture 
determination (by oven-drying at 105° 0.) was made for each sample 
at the time of weighing out. The accurately weighed samples were 

• An officer of the Division of Forest Products. 

t Note. —It is of interest to mention that numerous delays, caused by the shattering of the glass 
centrifuge tubes at the high speed of the machine in use, wore finally avoided by the introduction 
of a water cushion between the glass tubes and the metal centrifuge cups. 
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placed in beakers (250 cc.) and 0.5 per cent, sodium hydroxide solution 
(80 cc.) was added to each sample. The covered beaker and its contents 
were heated in a boiling water-bath for 30 minutes, after which they 
were allowed to cool and the solid material to settle. The supernatant 
liquor was decanted and centrifuged for 15 minutes before being dis¬ 
carded. All residual solid material was transferred to the beaker using 
1 per cent, hydrochloric acid (80 cc.), after which the contents of the 
beaker were heated in a boiling water bath for 30 minutes and then 
allowed to cool and settle. The supernatant liquor was decanted with 
a siphon tube and centrifuged for 10 minutes. The residue in the 
beaker was washed four times with hot water (80 cc. each time). On 
each occasion, the contents of the beaker were separated by decantation 
and centrifuging. By this time, the solid residue was acid-free, and, 
after removing all excess water by centrifuging, the material was re¬ 
turned to the beaker using cold water (76 cc.) and 4 cc. of sodium 
hypochlorite (containing 15 per cent, available chlorine) was added. 
The mixture was allowed to stand in the cold, with occasional stirring, 
for 30 minutes. It was then centrifuged for 15 minutes and the super¬ 
natant liquor was discarded. This delignification process was repeated 
until the supernatant liquor w^as only the colour of sodium hypochlorite 
of the same strength. For outer and inner wall material, two, or at the 
most three, treatments sufficed. For the nursery material, five such 
treatments were necessary, indicating a greater lignin content. Each 
treatment was followed by centrifuging and the discarding of the super¬ 
natant liquor. Between each treatment one wash with cold water 
(40 cc.) was given to the material contained in the centrifuge tubes. 

At this stage, Daji recommended tlie addition of dilute hydrogen 
peroxide, in small amounts at a time, until effervescence ceased, excess 
being avoided. In the present investigation, centrifuging and 
washing made it possible to remove all hypochlorite. At any rate, 
when hydrogen peroxide (20 cc. of 10 vol. HgOg diluted to 100 cc.) 
was added in small amounts to the residue, no effervescence occurred. 
It was therefore considered that this part of the procedure could be 
safely omitted and some time saved. 

The delignilied residue was next given a cold water wash (80 cc.), 
and the wash liquor removed by centrifuging. Hot water washes 
(SO cc.) were then employed, the residue, on each occasion, being 
transferred to the beaker for the purpose. Finally, the wash liquors 
were found to be neutral, and, therefore, evaporation to dryness over 
a water bath could then be undertaken without harmful effects. For 
this purpose, the residue was transferred to an evaporating basin with 
the aid of water from a wash-bottle. The dried material was broken 
up as much as possible and carefully transferred to a measuring flask 
(JOO cc.) using exactly 100 cc. of Schweizer’s solution* during the 
process. The stoppered flask and its contents were then shaken in 
a rotary shaker for eight hours at the rate of 50 shakes a minute. 
The remaining solid material was then allowed to settle overnight. 
Bv means of a siphon tube, more than 50 cc. of the clear supernatant 
liquor was decanted into a stoppered Erlenmeyer flask. From the 
latter, using a pipette, exactly 50 cc. of the solution was added to 
200 cc. of alcohol (80 per cent, by weight) contained in a beaker 

* Of a number of methods that More tried, the most satisfactory procedure for the preparation of 
SchMoizer’s polution was that which has been described by many investigators and mM en involves the 
passing of air through strong ammonia in Mhich copper turnings are suspended. 
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(400 cc.), and the precipitate thus formed was allowed to settle over¬ 
night. The supernatant liquid was then decanted through a weighed 
alundum crucible (K.A. 98) or a weighed Gooch crucible fitted with 
an acid-treated and previously ignited asbestos pad, the latter being the 
more suitable. After the upper liauid had all been filtered, 50 ec. 
of a mixture of alcohol and hydrochloric acid (40 cc. of 80 per cent, 
alcohol plus 10 cc. HOI.) were added to the precipitate in the beaker; 
the mixture was stirred till all the copper hydroxide was dissolved, and 
was then allowed to stand for about one hour. The upper liquid was 
then filtered through the same crucible, the precipitate washed free of 
copper with hot water, then transferred to the crucible, washed further 
with hot water, and then with alcohol and ether in turn. The crucible 
and its contents were dried in an oven at 105° 0, for two hours, and 
then weighed, ignited for 30 minutes in a muffle furnace at 600° C., 
and again weighed. The loss in weight on ignition multiplied by 
two represented the amount of cellulose in the original sample of mound 
material. 

Lignin was determined in mound material which had previously 
been extracted with 0.5 per cent, sodium hydroxide at the temperatui’o 
of the boiling water bath for one hour and washed free from alkali. 
The purified residue was treated in the cold with 72 per cent, sulphuric 
acid(2), and subsequently with boiling 3 ]^M*r cent, sulphuric acid in 
order to hydrolyse all carbohydrate material. The solid residue con- 
isted of lignin and inorganic substances. After it had been waslu'd 
free of acid, it was evaix)rated to dryness in a platinum dish, dried 
in the oven at 105° C., and weighed. The amount of lignin pre.seut 
was determined by igniting the oven-dried residue, and re-weighing, 
the loss in weight being estimated as lignin. 

Toial pentosans were detcrinined by the procedure usually employed 
in wood analysis(3). It was found that 2 grams of the outer wall 
material and 1 gram of each of the inner wall and nursery materials 
were required in order to conform with the conditions of the method. 

Solubility in 0.5 per cent, sodium hydroxide was determined by 
extraction of about 3 gms. of material with 100 cc. of the alkali 
solution for one hour at the temperature of a boiling water bath. After 
centrifuging, washing, neutralizing with dilute acetic acid solution, and 
further washing, the residual material was dried and weighed. 

4. Results of Analysis. 

The results of an analysis of the material from the outer wall, inner 
wall, and nursery of one termite (Eutermes exitios'us) mound are as 
follows (Table 1) :— 


Table 1.—Ebsults of an Analysis of Outer Wall, Inner Walt., 
and Hubsery Materials from One Mound, expressed as 
Percentages of the Oven-dry Weight of Original Material. 



1 Total 

Amount 

Cellulose, j 

1 

Ratio 

Total ^ 
Pentosans. 

Location of Sample. 

Conibustible 
, Matter. 

' soluble In 

0 -6% NaOH. 


Lignin. 

Lignin to 
CellulOBe. 

Outer wall 

! 48*3 

36-9 

1 

2*4 

11-5 

1 

4-8 

4*7 

Inner wall 

79-9 

43*6 

5-6 

23-8 

4*3 

8*0 

Nursery 

86-0 

46*1 

7*3 

1 

27 0 

1 

3-7 

7 2 
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On account of the greater proportion of non-combustible material 
contained in the outer wall material, the results in Table 1 do not 
clearly reveal the fate of the ligno-cellulose substances which had 
originally been attacked by the termites. The following results (Table 
2) have, therefore, been expressed on the basis of combustible 
material:— 

Table 2.—Showing Kesults of Analysis of Outer Wall, Inner 
Wall and Nursery Materials from One Mound, expressed as 
Percentages of Oven-dry Combustible Material. 


Location of Samples. 


CeUulose. 


Lignin | 


Total Pentosans. 


Outer wall 
Inner wall 
Nursery .. 


5 I 24 ! 10 

7 30 I 10 

9 ** 


The results included in Table 2 might conveniently be contrasted 
with the values for hardwoods (eucalypt) and a softwood (spruce) 
Avhich are indicated in Table 3— 


Table 3.—Kesults ok Analysis of Hardwoods (Eucalypts) and a 
Softwood (Spruce) expressed as Percentages of Oven-dry 
Material. 


Type of Wood. 

Cellulose. j 

Lignin. 

Total Pentosans. 

Hardwoods (eucalypts) 

34 to 59 1 

18 to 25 i 

1 

i 9 to 23 

Softwood (spruce) 

i 62 , 

25 

lu 


5. Conclusions. 

It is apparent from the above figures (Tables 2 and 3) that the 
cellulose in the w^ood attacked by the termites is very considerably 
degraded as shown by the high percentage of material soluble in weak 
sodium hydroxide solution and the low percentage of cellulose in the 
organic matter. On the other hand, the percentage of lignin is of 
the same order of magnitude expected in wood substance, and therefore 
appears to have been little altered. 

The extent of the change in the cellulose might indicate that the 
w^ood substance of the mound material has passed through the digestive 
tracts of the termites during which process only the cellulose con- 
stitutents have been altered. 
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The Inheritance of Fluorescence in Hybrids between 
Perennial Rye-Grass and Wimmera Rye-grass. 

By H. C. Trumble, MAgr,Sc,* and L F, Phipps, M,Sc., PA.D.f 

The article that follows has been furnished b}" the Director of the 
Waite Agricultural Research Institute (Professor A. E. V. Richardson), 
with an indication that it should be regarded as an integral part of the 
programme of investigational work on the mineral deficiencies of pastures 
in which the Institute, the Empire Marketing Board, and the Council are 
co-operating. An account of this work was given in a previous issue of 
this Journal (Vol. 5, No. 3, August, 1932, p. 141), and also in the 
Council’s Pamphlet No. 17.— Ed. 

Summary. 

1. Wimmera rye-grass, when self-fertilized, produced both non-fluorescent and 
fluorescent seedlings, all of which, when grown to maturity, proved to be annital 
plants with variable but typical Wimmera rye-grass characteristics. Annual 
plants of Wimmera rye-grass, homozygous for non-fluorei^ence, have been 
isolated. 

2. Hawke’s Bay perennial rye-grass {Lolium perenne), when self-fertilized, 
produced non-fluorescent seedlings, all of which proved to bo truly perennial. 

3. The El hybrids between Wimmera and Hawke’s Bay rye-grass were peren¬ 
nial, but principally of the short-lived perennial ” type, and were either 
fluorescent or non-fluorescent, depending on whether a fluorescent or a non- 
fluorescent gamete from Wimmera rye-grass was effective in fertilization. 

4. Fluorescence is inherited as a dominant character, dependent on one, and 
possibly two, genetic factors giving 3:1 and 9:7 ratios respectively. 

6. The heterozygosity of Wimmera rye-grass for fluorescence and the non- 
fluorescent character of the annual rigid rye-grass (L. rigidu^m) indicate that 
the occurrence of fluorescence with annual or short-lived habit in. Italian rye¬ 
grass (L. multiflorum), Wimmera rye-grass, and “false-perennial” rye-grass 
is merely a chance association. 

6. Thus, in certain cases, when Wimmera rye-grass is growing in proximity 
to, or in association with, perennial rye-grass, the ultra-violet light test for 
perenniality may give a false estimate of the percentage of true perennial plants 
in the seed collected. 

7. It is argued that the heterozygosity of Wimmera rye-grass for fluorescence 
lends support to the view that Wimmera rye grass has originated from hybridism 
between Italian rye-grass {L. multiflorum) and rigid rye-grass {L. rigidum). 

8. As Wimmera rye-grass is a segregating hybrid, it should not receive specific 
rank, and there is no justification for the botanical eqiiivalents (L. subulatum. 
L. rigidum var. strictum, and L, hyhridum) which have been applied. 


I. Introduction. 

Considerable interest has recently been aroused by the discovery of 
Centner (4) that the roots of Italian rye-grass seedlings, when grown m 
contact with white filter-paper, produce a substance which exhibits 
fiuorescence when exposed to filtered ultra-violet light. Linehan and 
Mercer (7), working with commercial rye-grasses, showed that Italian 
rye-grass (Lolium mvltiilorum Lam.) and the hybrid or false peren¬ 
nial” types occurring in commercial samples exhibited the fluorescent 

• Agronomist, Waite Agricultural Eescarch Institute, 
t Geneticist, Waite Agricultural Research Institute. 
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character, whereas true perennial rye-grass (Lolium perenne L.) was 
non-fluorescent. The practical importance of this differentiation lies in 
the means it affords of separating the seeds of perennial rye-grass from 
those of Italian rye-grass and inferior hybrid derivatives. 

Foy (3), discussing the application of these results to New Zealand 
rye-grasses, states that all annual species of rye-grass exhibit complete 
fluorescence. This generalization is apparently based on the evidence 
of Linehan and Mercer (loc. cit.)y who recorded it in Italian rye-grass, 
Western Wolths (L. multiflorum Lam. var. Westernwoldicum), darnel 
(L, temulenturn L.), L. remotum Schrank., and L. Brazilianum Nees., 
iind on Foy^s own experience with Wimmera rye-grass. 

In view of the increasing importance of both perennial rye-grass and 
the annual Wimmera rye-grass, in South Australia, the authors carried 
out hybridization experiments with selected plants of these two types 
during 1931. The object of this work was (i) to test the suggestion that 
annual and perennial habit were associated with fluorescence and non¬ 
fluorescence respectively, and (ii) to study the inheritance of the 
fluorescent character. 

In the meanwhile, Corkhill (1) published a note on the inheritance 
of fluorescence in natural hybrids between L. multiflorum and L. perenne 
showing that these apparent hybrids, when self-fertilized, segregated in 
ratios approximating 3 fluorescent to 1 non-fluorescent. Still later, 
Linehan and Mercer (8), although they did not present data, published 
a note to the effect that fluorescence was inherited as a simple Mendelian 
dominant, and was not necessarily associated with the annual habit. 


2. Material and Methods. 

The parents employed consisted of typical Wimmera rye-grass plants 
selected from a commercial line, and perennial rye-grass plants selected 
from a certified ITawke’s Bay (New Zealand) sample. The parent 
plants were collected from the experimental field and transplanted to 
])ots, which were spaced at intervals within a large glass house. 

Direct and reciprocal crosses were made by means of the emascula¬ 
tion and hand pollination method. In addition, several inflorescences 
of each parent were protected from cross-fertilization by bagging. Self- 
fertilized and reciprocally crossed seeds were not obtained in all cases, 
owing to pollen sterility and self-incompatibility in some parents. 

The seeds obtained from the hybridization and self-fertilization of 
the parents were germinated on filter paper, and the filter papers sub¬ 
jected to the standard ultra-violet light test. The seedlings producing 
fluorescence were separated from the remainder in each set, and both 
fluorescent and non-fluorescent seedlings were transplanted to pots, and 
later planted out as single plants in the experimental field. As many 
Fi hybrid plants as possible were self-fertilized, together with plants 
from each selfed parental line. The seeds obtained from these baggings 
were then subjected to the ultra-violet light test. 
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3. The Results of SelHng Wimmera Rye-grass and Hawkers Bay Rye-grass. 

The parents employed were four Wimmera rye-grass plants (W.l, 
W.6, W'.T, W.8), and six plants of perennial rye-grass (H.B.2, H.B.3, 
H.B.4, H.B.5, H.B.9, H.B.IO). Each of these plants was self-fertilized 
by bagging, with the results shown in Table I. 


Table I.— Percentage Fertile Seed Obtained from (a) Wimmera 
Bye-grass; (fc)HAWKE^s Bay Eye-grass, when Self-fertilized. 


1 

1 

Parent. j 

Percentage 

Fertile Seed. 

1 

Parent. 

Percentage 

Fertile Seed. 

W.l 

4 

H.B.2 

1 

t 

w.6 

Nil 

H.B.3 

13 

W.7 

46 

H.B.4 

Nil 

W.8 

Nil 

H.B.5 

3 



H.B.9 

Nil 



H.B.IO 

Nil 


t Seed formed, but percentage not recorded. 


In both forms of rye-grass, the percentage of seed set as a result of 
self-fertilization was low. Sterility occurred in both H.B.9 and H.B.IO, 
all the pollen of H.B.9, and 50 per cent, of the pollen of H.B.IO being 
abortive. On the other hand, W.6, W.8, and H.B.4 developed normal 
pollen, and produced fertile seeds when hybridized with other plants, 
indicating that in these three cases self-incompatibility was the reason 
for the apparent sterility. 

Ten seedlings resulting from the self-fertilization of W.l proved 
to be true annual* plants, with typical Wimmera rye-grass features, but 

7 of these were fluorescent and 3 non-fliiorescent at the seedling stage. 
The parent plant, therefore, was heterozygous for fluorescence, altliougli 
homozygous for the annual character. Similarly, in the case of W.7, 

8 fluorescent and 7 non-fluorescent seedlings were obtained, all of which 
proved to be typical annuals. In order to confirm the presence of the 
non-fluorescent character in the annual types, three of the annual plants 
were selected at random and self-fertilized in 1932. The seeds produced 
were tested for fluorescence, Avith the results given in Table Tl. 


Table II.— Ultra-violet Light Test of Seedlings Best^lting from 
Self-fertilized .Non-fluorescent Annt^al Plants of Wimmera 
Bye-grass. 


Pedigree No. 

Parent. | 

Number of Seedlings. 

Percentage 

Germination. 

Fluorescent. 

Non-fluorescent. 

Total. 

32-136-2 

W.l 

2 

8 

10 

46 - 

32-136-3 

w.l 

1 

8 

9 

41 

32-140-1 

W.7 j 

Nil 

[ 62 

62 

72 


Total .. 

! i 

78 




* PlantB which did not survive tlie first siimnier after planting have in all cases been designated 
** annuals,*' whereas all plants which were alive at the commencement of the second growing season 
have been termed ** perenniala.'* 
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Of the 81 seedlings examined, 78 were non-fluorescent and 3 
fluorescent, thus confirming the designation of these three plants as non- 
fluorescent annuals. The three fluorescent seedlings probably resulted 
from accidental cross-pollination. 

Twenty-one seedlings resulting from the self-fertilization of Hawke^s 
Bay rye-grass parent plants were all non-fluorescent, and proved to be 
all perennials. Six of these plants were selfed during 1932, but only 
two produced fertile seeds. The seeds were tested for fluorescence, with 
the results shown in Table III. 


Table III.— Ultra-violet Light Test of Seedlings Resulting from 
Self-fertilized Non-fluorescent Perennial Plants op Hawke's 
Bay Rye-grass. 


Pedigree No. 

Parent. 

Number of Seedlings. 

Percentage 

Germination. 

Fluorescent. 

Non- 

fluorescent. 

Total. 

32-133-1 

H.B.2 

2 

149 

151 

! 95 

32-133-2 

H.B.2 

2 

]48 

160 

1 86 


Total .. 

1 

! ^ 

297 

301 

•• 


Of the 301 seedlings tested, 4 were fluorescent and 297 non-fluores¬ 
cent. The 4 fluorescent seedlings obtained are assumed to have resulted 
from accidental cross-pollination. 


4. The Hawke’s Bay x Wimmera Rye-grass Hybrids. 

(i) First Oeneration Plants. 

The classification of Fi plants into (a) fluorescent and non-fluores¬ 
cent types, and (b) annuals and “perennials,” is shown in Table IV. 


Table IV.— Classification of Fi Plants according to (a) Seedling 
Root Character; ( h ) Longevity. 


Hybrid. 

Seedlinss, 

Annual. 

Fluorescent 

Seedlings, 

Non-fluore scent 

“ Perennial.” 

Annual. 

“ Perennial.” 

H.B.2 X W.l 
H.B.6 X W.8 


3 

.. 

2 


1 

W.8 X H.B.6 



3 


.. 

W.l X H.B.2 



8 : 


7 

W.7 X H.B.4 



i 1 ' 

1 

.. 

W.6 X H.B.3 


i 

1 ^ i 


•• 

Total 


3 

18 

•• 

8 
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The 18 fluorescent perennial hybrids obtained were all true 
crosses, and indicate that the fluorescent seedling character is dominant, 
and the perennial character at least partially dominant. The incom¬ 
plete dominance of the perennial character is indicated by the fact that 
the perennial hybrids, at the commencement of the second growing 
season, possessed fewer and less vigorous green shoots than the inbred 
Hawkers Bay rye-grass plants. These types in fact tend to resemble the 
false perennial” types of Levy and bavies (6). 

On the other hand, the 8 non-fluorescent “ perennial ” hybrids pro¬ 
bably result from the union of a non-fluorescent annual gamete from 
Wimmera, with a non-fluorescent perennial gamete from Ilawke’s Bay 
rye-grass. This is obviously true in the W.l x H.B.2 cross, in which 
W.l was the female parent, and it was previously noted that both W.l 
and W.7 were heterozygous for fluorescence {vide text p. 172). 

The three fluorescent annuals from the cross H.B.5 x W.8 were 
noted as weak plants lacking in vigour, and may have died owing to 
poor vitality rather than as a result of an inherently annual character. 

(ii) Second Generation Plants, 

An attempt was made to obtain self-fertilized seeds from all the 
hybrid plants. Eight plants, however, failed to set seed, four plants 
produced less than 10 seeds each, and the germination of the seed pro¬ 
duced in a number of cases was unsatisfactory. In determining the 
ratio of segregation into fluorescent and non-fluorescent seedlings, data 
have been utilized only from plants which produced more than 10 seed¬ 
lings. 

The F2 segregation of fluorescence and non-fluorescence falls into 
TWO groups, one in which the ratio is 8:1, and the other 9:7. The 
details of the r2 seedling counts from fluorescent perennial ” Fi 
hybrids, the segregation of which approximated to a 3:1 ratio, are 
shown in Table V. 

Table V.—The Classification of Fluorescent and Non-fluorescent 
Seedlings from Fi Wimmera x Hawke's Bay Kye-grass Hybrids, 
Segregating in tIhe F2 Generation on the Basis of a Ratio 
Approximating 3 : 1. 


Pedigree. 

Parents. 

Characters 
of Fi Plant.* 

F» Seedling Counts. 

D. 

pX 

Percentage 

Germination. 

Fluorescent 

Non- 

fluorescent. 

Total. 

32-134-6 

W.l X H.B.2 

F.P. 

24 

10 

34 

<1 

90 

32-134-8 

t» 

F.P. 

8 

3 

11 

<1 

65 

32-135-5 


F.P. 

14 

4 

18 

<1 

86 

32-135-6 


F.P. 

9 

4 

13 

<1 

87 

32-135-7 


F.P. 

7 

4 

11 

1-3 

69 

32-135-8 1 


F.P. 

40 

13 

53 

<1 

70 

32-142-5 

W.7 X H.B.4 

F.P. 

529 

182 

711 

<1 

99 

32-149-7 

W.8 X H.B.5 

F.P. 

233 

63 

296 

2-2 

81 


Total observed 

864 

283 1 

1 1,147 




Calculated 3 

1 

860-25 

286-75 

1,147 

i-2 

.. 


• F -■ fluorescent. P «= “ perennlai.** 
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The above data indicate that in plants arising from the hybrids W.l 
X H.B. 2 , W.7 X H.B.4, and W .8 x H.B.5, there is a segregation of 
fluorescent and non-fluorescent seedings in a ratio approximating 3 : 1 . 

In the F 2 progeny of two Fi plants of the hybrid W.fl x H.B.3, 
there is an indication that the segregation is in the ratio of 9 fluores¬ 
cent; 7 non-fluorescent, as shown in Table VI. 


Table VI.— The Classipioation of Fluokescent and N’on-fluobescent 
Seedlings from Fi Wimmera x Hawkers Bay Rye-grass Hybrids, 
Segregating in the F2 Generation on the Basis of a Ratio 
Approximating 9 :7. 


Pedigree. 

Parent*. 

Characters 

of 

F Plant. 

Ft Seedling Counts. 

D. 

P.B. 

1 

Percentage 

Germination. 

Fluorescent. 

Non- 

fluoresoent. 

Total. 

1 

32-143-6 

W.6 X H.B.3 

P.P. 

61 

1 33 

84 

! 1*2 

67 

32-143-7 


F.P. 

62 

1 42 

104 

1-0 

73 


Total observed 

113 

76 

188 




Calculated 9 

: 7 

105-76 

82-26 

188 

1 

•• 


The data shown in Table VI. give an excellent fit to a 9 : 7 ratio, 
suggesting that two factors are concerned in the production of 
fluorescence. Although F 3 data is necessary to confirm this ratio, the 
fact that two plants from the same hybrid segregate similarly is fairly 
definite evidence. 

The 8 non-fluorescent perennial ” plants present in the Fi group 
{vide Table IV.) were bagged, and 6 of these produced selfed seed. 
The details of the F 2 seedling counts are given in Table VII. 


Table VII.— The Classification of Fluorescent and Non- 
fluorescent F2 Seedlings from Non-fluorescent Perennial 
Plants in the Fi Group. 


Pedigree. 

Parents. 

Characters 
of Fj Plant.* 

Ft Seedling Counts. 


Percentage 

Germination. 

Fluorescent. 

Non- 

fluorescent. 

Total. 

32-134-2 .. 

W.l X H.B.2 

FP 

2 

62 

54 

83 

32-134-3 .. 

fi 

FP 

0 

18 

18 

82 

3^134-4 .. 


FP 

3 

11 

1 14 

42 

32-136-2 .. 

tt 

FP 

0 

62 

! 62 

83 

32-136-3 .. 

»> 

FP 

6 

69 

74 

87 

32-136-4 .. 


FP 

3 

79 

1 82 

85 


Total 

1 

.. j 

13 

1 

291 

304 

•• 


• P « Don-flaorMcent. P perennial.** 
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Two plants^ 134-3 and 135-2, produced seedlings that were all non- 
fluorescent; in the remainder, a few fluorescent seedlings appeared in 
each case. It is assumed that the occurrence of the fluorescent seedlings 
was due to chance pollination by foreign pollen. 

The absence of segregation from the non-fluorescent perennials in 
the Fi group confirms the classification shown in Table IV., and lends 
support to the explanation given, namely, that these have probably 
resulted from the union of a non-fluorescent annual gamete from 
lieterozygous Wimmera rye-grass, with a non-fluorescent perennial 
gamete from Hawke’s Bay rye-grass. 

5. Views Concerning the Origin of Wimmera Rye-grass. 

Wimmera rye-grass, as it is known in Southern Australia, is of com¬ 
paratively recent origin. It was first recorded by Mnllett (9) in 1919, 
but had apparently been known in the Wimmera district of Victoria 
for 32 years previously. As far as can be ascertained (9,10), the 
original material was imported from Europe by a Mr. McJfichol, of 

j^oradjiilia, and the grass was known as Italian rye-grass for many years. 

» 

By 1919, this grass had demonstrated an undoubted agricultural 
value under the comparatively low rainfall conditions of the Wimmera 
wheat-growing areas. It was identified by Ewart as Lolium suhulatum. 
Vis., and Hitchcock, in the United States, confirmed this designation. 
The name, however, was not accepted in New South Wales (10), where 
it has been classed as Lolium rigidum var. atrickim, Jansen. 

Kecently, Morris in Ewart’s Flora of Victoria (2), designates the 
grass as Lolium hyhridum TIausskn (L, penmne x L, multifiomm) on 
the evidence that apparently pure seed grown at Burnley, Kutherglen, 
Minyip, and in New South Wales yielded L, perenne and .... 

Jj, multiflorum . . . mixed with the Wimmera rye-grass type.” Ewart 
adds a footnote, liowever, stating that “ if the plant is a segregating 
hybrid the name L, hyhridum is not justified.” He also suggests that 
Lolium rigidum Gaud, may be native to Victoria, and that it may cross 
with L. pprenne, yielding the forms mentioned above. 

Seed samples of Wimmera rye-grass which have been tested at the 
Waite Institute from time to time have invariably yielded a mixture of 
diverse types, the majority of which range between typical L. rigidum 
and typical L, multifiorum, together with a small percentage of short¬ 
lived perennial forms. »Tcnkin (5), reporting on samples grown at 
Aberystwyth including the progeny of herbarium specimens, also found 
considerable variation, and concluded that the name Wimmera ” covers 
a mixture of types, and includes any rapid growing short lived rye-grass. 

The majority of the types are strictly annual in character, 
stemmy in comparison with L, multifiorum or L. perenne^ but leafier and 
more robust than L. rigidum, with a characteristic purplish colouration., 
of the stem at maturity. The seeds ” are usually larger than those of 
any of the above three species, and may be either awned or awnless. 
The outer glume of each spikelet is usually well developed, and closely 
adnate to the rachis at maturity. The rachis is generally stouter than 
that of L. multifiorum or of L, perenne, and rather longer and relatively 
more slender than that of L, rigidum. In addition, there are frequently 
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present plants which closely resemble Italian rye-grass, others that are 
typically L. rigidum, and also occasional plants which are definitely 
})erennial, and possess the botanical characteristics of perennial rye-grass. 

Experience with Wimmera rye-grass over a period of eight years at 
the Waite Institute indicates that combinations of the characters present 
in L, rigidum and L, muUiflorum are of frequent occurrence among the 
multiplicity of types evident. The more important agronomic and 
botanical characters such as inherent vigour, relative leaf and stem 
development, type of leaf shoot and texture of the leaves, rachis and 
spikelet features, and awn development are extremely variable, but for 
the most part tend to be intermediate between the above two species. 

Moreover, the authors find that L, rigidaim produces non-fluorescent 
seedlings as in the case of L. perenne, and this negatives Foy^s statement 
that all annual species of rye-grass exhibit complete fluorescence. On 
the other hand, L, miUtiflorum is completely fluorescent. Wimmera 
J’ye-grass when self-fertilized yielded both non-fluorescent and fluores¬ 
cent seedlings, all of which proved to be annuals (p. 172). 

The extreme variability of Wimmera rye-grass in practically all 
agronomic and botanical features of importance, to which the occurrence 
of non-fluorescent and fluorescent types must now be added, indicates 
that Wimmera rye-grass is of comparatively recent origin, resulting 
from hybridism between the awned, leafy, fluorescent L. muUiflorum, 
and the awnless, stemmy, non-fluorescent L, rigidum, followed by 
ecotypical selection. It is very probable that further hybridization 
between these derivatives and L, perenne has also occurred in certain 
cases. That samples of Wimmera rye-grass usually contain a high per¬ 
centage of fluorescent seedlings is accounted for by the fact that 
fluorescence behaves as a dominant character, and that the grass is 
normally cross-fertilized. 

Whether the heterozygosity for fluorescence in Wimmera rye-grass is 
A\idespread, or is merely a local characteristic, is not yet known. In 
general, intercrossing between Wimmera rye-grass heterozygous for 
tliiorescence, and perennial rye-grass will tend to produce approximately 
.50 per cent, non-fluorescent hybrid seed. 

In view of the evidence of segregation for major taxonomic characters 
ill Wimmera rye-grass, it is obvious that no specific botanical name can 
justifiably be applied to this mixture of types. 


6. Application of the Results to the Diagnosis of Rye-grass Types. 

Recently, there has been a tendency to place much reliance on the 
ultra-violet light test as a positive means of differentiating true perennial 
lye-grass from Italian rye-grass and inferior liybrid derivatives. 

Since the annual L, rigidum is non-fluorescent, however, and as 
Wimmera rye-grass when self-fertilized segregates fluorescent and non- 
iluoresceiit seedlings, all of which are annuals, it is evident that 
fluorescence and non-fluorescence are not necessarily associated with 
annual and perennial habit respectively. The occurrence of fluorescence 
in Italian rye-grass, Wimmera rye-grass, and ‘‘false perennial” types, 
as contrasted with the non-fluorescence of the annual L. rigidum and 
perennial rye-grass, is thus probably a chance association. 
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These facts, together with the now widespread distribution of Wim- 
mera rye-grass, suggest that the ultra-violet light test may give a false 
estimate of the factors perenniality, type, productivity, &c., on which the 
value of rye-grass for permanent pasture depends. It is evident, there¬ 
fore, that the test must be used with discrimination and caution, and 
that it cannot effectively replace the systems of inspection, sampling, 
and growing-on as single plants necessary in an efficient scheme of 
seed certification. 

A final point of some interest is the almost invariable occurrence of 
a trace—usually 1 or 2 per cent.—of fluorescence in even the best and 
truest perennial rye-grass types. This is demonstrated by Foy’s 
data (3), and has been shown by practically all samples examined at the 
Waite Institute. In three groups of selfed non-fluorescent plants 
(Tables II., III., and VII.), the authors unexpectedly obtained a simi¬ 
larly small percentage of fluorescent seedlings among the progeny. The 
occurrence of these fluorescent types has been tentatively attributed to 
chance cross pollination with fluorescent forms. 

7. Presence of Fluorescence in Subterraneai) Clover. 

During the course of the work, various pasture species have been 
subjected, whilst germinating on filter paper, to the ultra-violet light 
test. It has been found that whereas South Australian commercial sub¬ 
terranean clover is non-fluorescent, an early-flowering type from Dwal- 
ganup (Western Australia) which is becoming increasingly important 
in the lower rainfall areas is fluorescent. The fluorescence is, however, 
faint, and unlike rye-grass, the causal substance is confined to the root 
tissue, and not exuded. 
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An Examination of the Amount of Iodine in the 
TTiyroid Glands of Australian Merino Sheep. 

By Mary C. Dawbarn^ M.Sc.* and F, C. Farr.t 

The thyroid gland manufactures an iodine-containing compound 
which is necessary for the normal growth and well-being of men and 
animals, and for the healthy growth of hair or wool. For this purpose, 
an adequate supply of iodine in the food is required. An insufficient 
intake of iodine resulting from deficient iodine in the soil leads to ill- 
health in both man and animals. 

In certain districts of the United States of America, Canada, 
Switzerland, and New Zealand, goitre, an enlargement of the thyroid 
gland in the neck, has been very common among human beings and 
domestic animals from this cause. The effect on sheep has been 
serious, lambs being born with enlarged thyroids and hairless, and so 
weak that large numbers of them die. 

When the Division of Animal Nutrition was founded in 1927, the 
late Professor Brailsford Robertson undertook a survey of the iodine 
available in Australian sheep pastures.J The direct determination of 
the amount of iodine in the soil or the pasture is troublesome and 
inaccurate, owing to the minute quantity present, but an animal feeding 
on a pasture accumulates the iodine for its own purposes, and the 
amount stored in its thyroid glands is a useful measure of the amount 
available. Consequently, the most satisfactory procedure to test 
whether the soil contains enough iodine is an analysis of the thyroid 
glands of the sheep themselves. If this iodine storehouse contains a 
sufficiency of iodine, there must be a sufficiency of iodine in the 
pasture. The work of American investigators, notably Marine, has 
shown that to ensure health the thyroid should contain at least 0.1 gm. 
of iodine per 100 gm. of dry gland, and that when iodine was abundant 
in the soil the amount might rise to 1 gm. or even more per 100 gm. 

The results of our iodine survey have recently been published in 
the Australian Journal of Experimental Biology and Medical Science, 
10, p. 189, 1932, and some of the findings will be given here. Alto¬ 
gether, some 700 thyroid glands from sheep have been examined, and 
the dry weight and iodine content of each determined. Between 500 
and 600 of the glands were obtained from “ Meteor Downs,” Spring- 
sure, Central Queensland; “ Keytah,” Moree, New South Wales; ‘^Buln 
Gherin,” Beaufort, Victoria; ‘‘Kolendo,” Port Augusta, South Aus¬ 
tralia ; and the south-eastern district of South Australia. The remaining 
glands were obtained from districts scattered about the Commonwealth, 
including Tasmania, but not Western Australia. 

* Re»earch Chemist to the Animal Products Research Foundation of the University of Adelaide. 

t An officer of the Division of Animal Nutrition. 

t For the reason that at thi* period, many pastorallsts have been so influenced by the dramatic 
results obtained iiy iod:ne feeding in other countries that they considered that if fuli benefit vere 
to be obtained from their pastures, the stock grazing thereon should have access to an iodine- 
4’ontaining lick. 
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It lias been found that there is considerable variation in the weight 
and percentage content of iodine of glands obtained from animals of 
the same sex, age, and locality, even when collected at the same time 
of year. To determine the influence of different factors on the thyroid, 
it has, therefore, been necessary to calculate the arithmetic mean of 
the results obtained from considerable numbers of glands in each of 
the groups to be compared. In this way, it has been possible to show 
that the sex and age of the sheep have very little, if any, influence on 
its thyroid iodine. The iodine content is affected more by the season 
of the year than by the locality from which the glands were collected. 
Drought has a marked influence on the iodine content. Five glands 
from “ Mutooroo,” South Australia, collected during drought, had 
iodine contents varying from 0.67 to. 0.95 per cent.; the iodine content 
of six glands from “ Mutooroo,^^ collected in the good season following 
the drought, varied from 0.18 to 0.56 per cent. Similarly, the average 
content of iodine in the thyroids obtained from 38 wethers at 
Kolendo,” South Australia, during drought, was 0.719 per cent. The 
figure for twenty wethers obtained in the ensuing good season was 0.441 
per cent. 

Of all the glands examined, none showed a lower percentage of 
iodine on dry weight than 0.10, and the highest value obtained was 1.26. 
The average for all glands was approximately 0,5 per cent. No very 
enlarged glands were found. Thus there is no evidence of iodine 
deficiency in Australian sheep pastures as far as this survey extends. 

At ^^Keytah,” in northern New South Wales, an experiment has 
been carried out by the Division of Animal Nutrition to determine the 
effect of feeding sheep on licks containing potassium iodide. This 
experiment is described in another communication by E. W. L. Lines 
(see p. 181 et seq.). The amount of potassium iodide in the lick was 
changed periodically from 1 part in 1,000 to 1 part in 7,000, but the 
amount of iodine in the thyroids of the animals hardly varied over the 
whole period. 

Moreover, the amount of iodine in the thyroids from the “ Keytah ” 
sheep was not appreciably different from that in the glands from the 
adjoining station of Boonaldoon,” where no iodine was given. This 
would seem to be additional proof that the natural pasture contained 
a sufficiency of iodine, and that feeding iodine-containing licks was 
unnecessary. 

We would like to take this opportunity of thanking all the 
pastoralists who have sent us thyroid glands and information about 
sheep, pastures, and so on, particularly Messrs. E. G. Beggs, H. Boully, 
D. E. Donkin, E. D. Ogilvie, H. W. Seager, A. F. Sutton, and 
F. H. Tout. 
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An Experiment on the Effect of an Iodised Lick 
on the Growth and Wool of the Australian 
Merino Sheep. 

By E. W. L. Lines, BSc* 

(With a note on soil types by i?. G. Thomas. B.Sc.*) 

I. Introduction. 

Among the investigations projected when the Division of Animal 
Nutrition was formed was an inquiry into the efFects of specific mineral 
deficiencies. The possibility that iodine deficiency in some districts 
would upset thyroid function sufiiciently to restrict wool growth was 
considered, and the following programme of investigation was drawn 

(1) An examination of the thyroids of sheep collected throughout 

the year in several districts— (a) to establish a standard 
iodine content, and (b) to study seasonal variations under 
usual pastoral conditions. 

(2) A determination of the effect of feeding iodine in districts 

where a shortage was suspected. 

(3) The effect of partial and complete thyroidectomy on wool 

and body growth [Robertson (1929)]. 

This paper deals with the result of an experiment conducted under 
the second section of the programme. The results obtained under the 
first section have been publiflied by Dawbarn and Farr (1932), and 
those of the third by Marston and Peirce (1932). 

From examination of the thyroid glands collected in 1928 in the 
Moree district of New South Wales, Robertson opined that sheep in this 
area might have insufficient iodine in their diet. He therefore decided 
to test the influence of iodised licks on sheep depastured in this district. 

In 1928, a field-station was established by the courtesy of E. D. 
Ogilvie, Esq., on his property, Keytah,” situated about 25 miles west 
of Moree, in latitude 29 deg. 30 min. S., longitude 149 deg. 30 min. E. 

A note on the geology, soils, and topography is published by my 
colleague, Mr. R. G. Thomas, simultaneously witli this paper. 

Climate and Pasture at Keytah'* 

The Moree district, in which this property is situated, has a mean 
rainfall of 21 inches. The district is about 230 miles from the coast, 
and lies between the regular orbits of the summer monsoonal rains and 
the regular winter rains of the southern part of Australia. Coastal 
rains are cut off by the New England mountains, some 6,000 feet high. 
In good years, the district receives both summer and winter rains, but 
in unfavorable years it may get neither, and the pastures fail 
completely unless natural irrigation from flooding of the Gwydir River 
occurs, following on heavy rains in the mountains to the eastward. As 
more than half the property is subject to this flooding several times a 
year, it is possible that the soil receives more moisture from this source 


* An officer of the Divielon of Animal Nutrition. 
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in some years than it gets from local rainfall. These conditions probably 
have a marked effect on the botanical composition and nutritive value 
of the pasture. In Mr. Ogilvie’s opinion, sheep do not do as well on 
country subject to flooding as the amount of herbage there would lead 
an experienced flock-master to expect. 

The pasture plants which grow after rain or flooding vary according 
to the time of year. Summer growth is mainly grasses, Panicum spp. 
and Calamagrostis spp. are dominant; Mitchell grass (Astrebla sp.). 
Flinders grass (IseAlma sp.) and white top” (Danthonia sp.) also 
occur. In winter, the prevailing plants are burr clover ” (Medicago 
denticulata)y “ crowsfoot ” {Geranium pilosum), and geranium 
(Erodium cygnorurn). Some of the perennial grasses, particularly 
Danthonia^ shoot after autumn rains. A small water plant, Marsilea 
Drummondii, known as “ nardoo,” grows during, and after, floods, and 
is eaten freely by stock. 

Paddocks, 

The experimental area consisted of two very similar adjoining 
paddocks each about 300 acres in extent; both contained some “ sa^d 
ridge ” and black soil ” country, and were representative of the 
surrounding country (Fig. 1). A drafting yard and''sheep scales were 
provided near the fence dividing the paddocks. 

Management, 

The lambs were weighed and ear-tagged within 24 hours of birth, 
and were weighed thereafter weekly to the nearest 0.2 kg. 

The experimental and control lots in the second experiment were 
made up by dividing the ewe lambs alternately as dropped. 

To equalize any difference in the fodder, the two flocks, together 
with their respective licks, were alternated between the paddocks every 
four weeks. Water was supplied either by a stream of artesian water 
from a bore some 2,000 feet deep, or by surface water left after flooding 
of the Gwydir Eiver. The former water contains a fair amount of 
dissolved salts, and may have influenced-the appetite for salt. 

A considerable number of individuals were ‘‘ struck ” by the sheep 
blow-fly during the experiments, but there is no indication of any 
preference between the two lots of animals. 

Weekly notes were made of the condition of the sheep and of the 
fodder as judged by the husbandman, and also any sickly or fly-struck 
animals Avere noted. 


2. First Experiment. 

In September, 1928, observations were commenced on the growth of 
100 lambs of mixed sexes, which, together with their dams, had access 
to the station lick containing about 370 y* of iodine per gm. During 
gestation, the station lick had contained about 740 y of iodine per gm. 

In April, 1929, a second group of 100 lambs were born whose mother^ 
had not had access to iodised lick during gestation, and they were offered 
iodine-free lick ” from one month old. 

Good to fair fodder conditions prevailed until June, 1929. From 
this time onward, drought caused a steady deterioration of the pastures, 
and by February, 1930, the natural pastures had completely failed, and 
the experiment was abandoned. 

* 7 » one^thouMQdtb of a milligram. 
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Growth. 

Although born seven months apart, the growth of the two groups 
was similar, as is shown by Table I. 

Table I.— Growth of Lambs at ^^Keytah"" in 1928 and in 1929. 
Body Weight off Pasture, in Kg. 


Weeks of age 

21 

35 

46 

Iodised lick ^ (males) 

26.5 kg. 

36.0 kg. 

45'0 kg. 

9 (females) .. 

24*6 

31*6 

400 

Iodine-free lick cj 

26*5 

35 0 


(Controls) 9 

24-5 

310 




Fzo. 1. Layout of experimental paddocks, **Keytah,” 1928-31 
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The control lambs were somewhat lighter in weight than those 
getting iodised lick^ until the curves crossed at 21 weeks old. At 35 
weeks old the curves again crossed. After this age, the drought upset 
all comparisons. 

This experiment was unsatisfactory because— 

(a) the difference in birth date prevented the control being a 

true one, and 

(b) the experiment was interrupted by drought. 


3. Second Experiment. 

During the middle of 1930, good rains were received, and another 
experiment was commenced.* Sufficient ewes to provide 220 ewe lambs 
were placed at the disposal of the Division from those mated to lamb in 
September, 1930. Prior to lambing, these animals had had access to a 
station lick containing about 100 y of iodine per gm. 

As is usual after a drought has broken, the fodder conditions were 
particularly good, and remained so until mid-November. From 
November onward, the pastures steadily deteriorated until further rains 
W’ere received at the beginning of March, 1932, after which the fodder 
conditions were excellent. During June and July, 1931, flood waters 
confined the sheep to restricted areas, and the available fodder was 
indifferent in quantity and quality until the water receded. 


Lick Intake, 


On /^Keytah ’’ 
containing iodine. 

Salt 
Bone meal .. 
Superphosphate 
Ground sulphur 
Ferrous sulphate 
Potassium iodide 


it is customary to give the sheep a salt “ lick 
In September, 1928, the station lick consisted of— 
200 lb. 

25 „ 

25 „ 

6 „ 

4 V 

2 oz. (-^374 y of iodine per gm.). 


This lick was used throughout as ‘‘ iodised lick.” 

For iodine-free lick,” a mixture containing the same proportion 
of mineral salts was made up from Merckxs G. R. and British Drug 
House’s A. R. chemicals. 

Lick consumption Avas ascertained each week from the difference 
between the weight of lick supplied and the amount left in the troughs, 
and dividing the consumption over the number of animals in the 
paddock, including lambs. 

The iodine requirement of the sheep Avas not known, but, from 
Marine’s experiments on school children in central United States ol 
America, it was assumed that a daily dosage of 0.5 to 1 mg. of iodine 
would be sufficient. Enough potassium iodide was therefore put in the 
lick to ensure that this dose was present in the sheep’s average intake 
of lick. Subsequently, Orr and Leitch (1929) published their 
computation of 400 to 2,000 y of iodine as the ordinary intake of sheep 
on good Scotch pastures, Avhich coincides Avith the estimate calculated 
from Marine’s data. 

It is impossible to foretell just how much lick an animal aauII cat. 
The appetite for licks containing phosphate and salt is affected by the 
state of maturity of the herbage, being much greater in the autumn than 
in spring. Richardson et al. (1931) have shown that the phosphate 


* By H. B. Marston, Artins; Chief of the Division of Animal Niitrit'on. 





186 


content of Australian natural pastures falls rapidly as the plant matures 
and sheds its seed. At other times, the appetite for salt is the controlling 
factor, and this may be influenced by the amount of dissolved salts in the 
drinking water available. 

In the first experiment, during which the fodder conditions varied 
for the most part from only fair ” to very poor, the animals consumed 
both licks at the rate of 700 gm. per head per year. In the second 
experiment, when good ” to excellent ” fodder was available, little 
lick was eaten (Fig. 2), and the consumption was confined to two period** 
of poor fodder conditions. The intake over the time when lick was being 
eaten was at the rate of 520 gm. per head per year. The mean intake 
over the whole period of the second experiment, i.e., from birth to a 
mean age of 47 weeks, was— 

Iodised lick—0.5 gm. per head per day containing 185 y of iodine. 

Iodine-free lick—0.6 gm. per head per day. 

As the intake of lick did not differ significantly as to date or amount 
between the two lots, it seems that the iodine content had no effect on 
the appetite for lick. 

Growth, 

The growth of the experimental and control lambs in the second 
experiment is shown in Fig. 2, using the method of Robertson and Ray 
(1925) in which the increase of weight with time is represented by 
an area of which the middle point at any given age is the ascertained 
average weight, and the width of the area is twice the ‘ probable error ^ 
of the average.” 

These animals did not grow quite as well as those of the first 
experiment. Attacks by the blow-fly were severe during the latter half 
of the year, and the lower average live weight is partly attributable to 
this cause. 

In the graph, the rainfall, fodder conditions, and intake of lick over 
the duration of the experiment are shown. 

By the end of the experiment, when their average age was 47 weeks, 
06 and 92 lambs were surviving from the two lots of 100 new-born lambs 
])nt on iodine-free ” and iodised ” lick, respectively. 

Wool 

The wool shorn from each animal was carefully sorted and weighed. 
The individual weights were obtained for “ fleece,” “ pieces,” and 
bellies.” The yield of each individual fleece was judged, after 
skirting,” and that of the bellies, pieces, and locks in bulk. The 
locks ” of each lot were weighed together. The figures so obtained 
were used to compute the production of clean scoured wool of each 
individual. 


Mean Wool Pkoduction per Head—all $ Second Experiment. 


— 

Cro4isy. 

1 Clean. j 

S.D. Clean. 

S.E. of 
Mean. 

Mean Ago. 



Lb. 

Lb. 

Lb. 

Lb. 

Weeks. 

lodine-freo lick .. 

,. 

7*51 

3-592 

0*398 

0*041 

47 

Iodised lick (No. 2) 

• • 

7-66 

3*595 

0*367 

0*040 

47 


Mean and Standard Deviation computed from individual variates.* 



0 /O 20 30 ^O SO 

Fig. 2. Chart showing the growth, lick intake, Ac., of the ewe lambs 
used ill the experiment commenced in 1930. The weights of those 
receiving the iodised lick aie indicated by the broken lines. 
The weights of the control group which received an iodine free 
lick are indicated by the unbroken line 
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Distribution of Variates. Pounds of Cuean-scoured Wool. 


Class mean .. 

2-5 

1 1 

2-7 1 

1 1 

2-9 

1 

31 

3-3 

3*6 

1 

I3.7I 

r“ 

3-9 

4a 

'4.3 


4*7 

4-9 

61 

Iodine-free .. i 

1 

2 i 

5 

14 

7 

1 

! 14 ; 

28 

12 

5 

4 

3 

0 

1 

0 

Iodised lick .. 

0 

1 ' 

4 

1 

1 7 

19 

1 

19 

11 1 

9 

3 

0 

1 

0 1 

1 S 

1 


Distribution of Estimated Spinning Counts. 


Spinning count .. 

.. ! GO’S 

i 60/64*8 

64’s 

j 64/70’8 ' 

70’s 

Iodine-free 

: 21 

11 

48 

1 1 

10 

Iodised lick 

.. 1 9 

1 ■“ 

51 

i 

1 


The close agreement between the means of the body weights and of 
the wool clips is unusual, especially as the distributions of the variates 
tended to be platykurtic/’* The yearly culling of animals below a 
certain standard of production and the retention of the higher producers 
would tend to cause a distribution which was not normal ’’ in the 
statistical sense. This latter effect was not due to age at shearing, as 
the mean wool production of the younger half of each group did not 
differ significantly from that of the older. 

4. Conclusions. 

Increasing the intake of iodine by an average of 185 y per day for 
47 weeks had no significant effect on the growth or wool production of 
lambs at Keytah,’’ jNl^ew South Wales. Owing to variations in the 
pasture during the second experiment, lick was eaten during nineteen 
Aveeks only, so that the average intake was much less than that in the 
first experiment, which was 720 y iodine per day. However, as 185 y 
per day is three times that calculated by v. Fellenberg (1926) to be 
the requirement of the growing child, the lambs should have responded 
definitely thereto were they suffering from any insufficiency of iodine. 

This conclusion is supported by the result of analyses by Dawbarji 
and Farr (1932) of 171 glands collected from this district during the 
currency of these experiments. They found that the average iodine 
content of the thyroids of 101 sheep receiving iodised lick at Keytah ’’ 
(Dj series) was 0.60 per cent., and that of 70 glands from 
Boonaldoon,^^ a similar adjoining propertyf (Dg series), was 0.55 per 
cent. This difference is not significant—using the terminology of Fisher 
(1930)—t ~ 1.83, 11 168 and P lies between 0.10 and 0.05. The 

mean for some 500 Australian glands which they analysed was 0.56 per 
cent, iodine. It therefore appears that the iodised licks fed to the D^ 
series of sheep at “ Keytah failed to alter the iodine content of their 
thyroids significantly. 

t Hare used Arcording to K. Pearson, meaning that the variates tended to be distributed 
further from the mean than is normal. 

t But where no lick was fed. 
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Appendix. 

NOTES OX SOIL TYPES AT KEYTAH.*'* 

By U. Grenfell Thomas, B.Se. 

The soils at “ Ke;k tab ” form two main groups, the “ saml-ridge ’’ soils anti 
the “ black soil ” of the plains. The vegetation of these two types is quite 
distinct, and tlic junction between them sharp and well dehned. The black-soil 
plains arc usually quite devoid of timber, but support an abundant growth of 
grasses, whereas tlie sand ridges are often quite heavily timbered. In many 
instances, there appears to be a definite zoning of timber on the sand ridges. 
The central and higher portions may support a tree association comprising 
sandalwood, wilga, &c., to belah, pine, and beefwood. The outer edges of the 
sand ridges near the black hoil usually show a well-defined zone of box gum, 
while at the actual junction of the water-course country with the sand ridges, 
coolibah trees are almost in\ariably present. 

The central sand-ridge soils often show a bare cla,^-pan surface devoid of 
grass and timber. The subsoils of the sand lidges are generally hard brown clay, 
carrying nodules of gypsum and calcium carlnmate. 

The black-soil plains show little change in character down to 27 inches below 
the surface. 

The main features may be summarized as follows:— 

(1) The whole area has reached a condition bordering on base level as 

regards drainage. 

(2) The soils are almost exclusively transported allmials derived from 

the highlands to the east. They range from early Post Tertiary 
to Recent. 

(3) The early alluvium consists largely of gravels and sands; the more 

recent alluvium is mostly made up of clays and fine silts, indicating 
a constant falling off in the transporting power of the western 
drainage system. 
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A Preliminary Survey of the Distribution of the 
Hookworm of Sheep in New South Wales. 

By G. Kauzal, D.V.Sc..* and N. P. H. Graham. B.V.Sc.t 

Up to the last few months of the year Mr. Graham was 

an investigator located at the F. D. McMaster Animal Health Research 
Laboratory under the Australian Pastoral Research Trust—Empire 
Marketing Board scheme (see this Journal, Vol. 4, August, 1931, page 
1933). At the request of the Trust, however, he was then transferred 
to the Trust, so that he is now a full-time officer of that body. His head¬ 
quarters still remain at the McMaster Laboratory, but from time to time 
the Trust uses him to investigate particular problems that have been 
referred to it by its members. In between times Mr. Graham also assists 
with his former investigations. The work descrilied in the article that 
follows was carried out in between periods of visits to individual stations 
made at the request of the Trust.—Ed. 


I. Introduction. 

The first record of the occurrence of tlie hookworm of sheep, 
Monodonius trigonocephahis, in Australia was made by Gordon (1932) 
in sheep examined at the Ilomelmsh Abattoirs. In view of the patho¬ 
genic importance of this species in other countries, it was considered 
desirable to determine, with as much accuracy as possible, its distribution 
in New South Wales. A survey was carried out by the routine 
(‘Xamiriatioii of sheep by one of us (G. K.) at the M(‘tropolitan Meat 
Industry Boa^d^s Abattoirs, Ilomebush Bay, and the Sydney Meat 
Preserving Compaiiy\s Works, Auburn, while (‘xamination of sheep in 
tlie field and at local slaughter vards Avas also carried out bv one of us 
(N. P. G.). 

As a result of the abattoir examination, 39 cases of infestation with 
M. irigonoccphalus have been found, out of a total of 456 sheep 
examined at the abattoirs, giving a percentage of 8.6. In general, it 
was found that the individual infestations were light, but iiiA^ariably 
accompanied by marked macroscopic lesions, mainly in the form of 
haemorrhage into the mucous membrane of the small intestine. While 
the average degree of infestation Avas 21.9 Avorins per sheep, in a few 
instances up to 100 Avorms Avere present. 

As a result of the local examination of sheep on individual properties 
and at small country slaughter houses, eighteen further cases of infesta¬ 
tion were found out of a total of 58 sheep examined. In the majority 
of these, infestation Avas extremely light, and in some of them only a 
single Avorm aauis fouml. 


2. Distribution of the Parasite. 

As a result of the routine examination of sheep at Sydney Abattoirs, 
tlie hookworm Avas found to occur in sheep from five Pastures Protection 
Districts, namely, Merriwa, Singleton, Upper Hunter, TaniAvorth, and 
Armidale. Local examinations confirmed the finding of the parasite 

* An officer of the Council’s Division of Animal Health, 
t Veterinary Officer, .4u8tralian Pastoral Besearch Trust. 
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in the first four of the above districts, and also revealed its presence in 
the Glen Innes Pastures Protection District. In infestations found in 
this district, however, only a single worm was present in each of two 
sheep. 

It has been found, where the actual properties from which the 
infested sheep came could be determined, that all of these, Avith one 
exception, lay on the eastern aide of the Great Dividing Range. In one 
district in particular, this was rather strikingly brought out, since on 
three properties lying to the west of the Dividing Range no cases of 
infestation were found, whereas on each property visited on the eastern 
side infestation occurred. 

Though from the results of this survey it is indicated that 
Monodontita irigonocephahis is already well established and of common 
occurrence, since out of a total of 514 sheep examined from all 
sources, 57—i.e., 11.1 per cent.—were found infested, it is not considered 
that this gives any real indication of the incidence throughout the State 
as a whole. So far as local examinations in the field were concerned, 
these were expressly concentrated on those districts in which the parj^site 
had already been found to occur, while even at the Sydney Abattoirs 
there was a preponderance of sheep examined front the northern and 
central divisions of the State. So far as the survey has gone at the 
present time, the heaviest infestations and the greatest percentage of 
cases have come from the Upper Hunter and Singleton Pastures Pro¬ 
tection Districts. A survey is at present being carried out by one of us 
(N. P, G.) embracing the southern part of the Central Tablelands and 
Southern Tablelands and slopes, in order to determine if possible 
whether the parasite is present in that part of the State. So far, there 
has been no evidence that it does occur to the south of the districts 
already found infested. 

In conclusion, it may be mentioned that in other parts of the world 
the hookworm of sheep has been found to have a very wide distribution, 
and is by no means confined to warm and temperate zones. Cameron 
(1932) has pointed out that it is not uncommon in sheep and deer in 
the cold highlands of Scotland. If it can be determined that the parasite 
at the present time has a relatively limited distribution in Australia, it 
should be possible to concentrate on eliminating the present source of 
infestation before further expansion of its distribution occurs. 

3. References. 

Cameron, T. W. M., 1932.—Some notes o>n the parasitic worms of Scottish red 
deer. Proc. Pm/, Physical Soc., 22: 91-97. 

Gordon, H. McL. G., 1932.—Some helminth parasites reported from Australia for 
the first time, with a description of Coopenria Mo^fa^8teri sp. nov. from a 
calf. Aust, Vet. J., 8: 2-12. 
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Parasitological Field Trials With Sheep. 

Results at “ Frodsley,” Tasnuinia, and “ Meteor Downs,” 

Queensland. 

The work, the results of which are given in the article that follows, 
forms part of the programme of investigations that is being undertaken 
by the CounciTs Division of Animal Health under the Australian 
Pastoral Rc.search Trust—Empire Marketing Board scheme (see this 
Joui'nal, Vol. 4, August, 1931, p. 133). The two trials reported on were 
carried out with the kind co-operation of Mr. K. Brodribb, of “ Frodsley,” 
Tasmania, and Major D. Donkin, of “ Meteor Downs,” Queensland, who 
have, at all times, greatly facilitated the experiments by supplying the 
use of the necessary land and experimental sheep.— Ed. 


I. Experiments at “ Frodsley,” Tasmania. 

By /. Clunks Ross, and N» P* H. Graham^ 

Summary. 

1 . Routine monthly treatment with carbon tetrachloride and copper sulphate 
led to no increase in wool or body weight in sheep mainly infested with small 
Trichostrongylid worms. It is known that these parasites are resistant to any 
known treatment. 

2 . There was, however, a marked improvement in wool quality in treated 
<‘ompared with untreated sheep, so that it is probable that treatment mitigates 
somewhat the adverse effects caused by these parasites. 

3. Sheep on improved pasture, either with or without treatment, showed 
marked increase in body weight, and produced over 2 lb. more wool per head 
than the sheep on natural pasture, either treated or untreated. The only 
difference noted between treated and untreated groups on improved pasture was a 
slight improvement in wool quality in the treated sheep. 

4. The wool of sheep run on improved pasture was estimated to give as high, 
or higher, percentage clean-scoured yield as that of any sheep on natural pasture. 

5. The administration of sodium arsenite and copper sulpliate in licks had 
no demonstrable effect in diminishing infestation with the large bowel parasites, 
Chahertia oinna and Oesophagostomum veniilosum. 


I. Introduction. 

Tn 1931, the Council for Scientific and Industrial Research con¬ 
ducted a field trial on ‘‘Frodsley,^’ in Tasmania, to determine the effects 
of various methods of medicinal treatment in controlling losses in sheep, 
supposedly due to helminth parasites. The results of that trial (see 
this Journal 5 :31, 1932) indicated that, although parasitic infestation 
was principally due to small Trichostrongylids (Osteriagia spp., Tricho- 
strongylus spp., and Nemaiodirus spp.), and large bowel parasites 
(Oesophagostomum venulosum and Chahertia ovina) all of which are 
known to be difficult to control, regular treatment with either carbon 
tetrachloride or copper sulphate not only lessened mortality, but led to 
some increase in wool and mutton production. Such increase, however, 
was not sufficient to produce either a satisfactory wool yield or mutton 
carcass. 


* Offlcer-ln Charge of the CoimoU's F. D. McMaster Animal Health Laboratory, 
t Veterinary Officer of the Australian Pastoral Research Trust. 
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During 1932, a further trial was conducted, in order to confirm the 
findings of 1931, and, in addition, to sec whether by means of pasture 
improvement, both with and without treatment, a satisfactory standard 
of wool and mutton production might be reached. It was also desired 
to experiment further with the use of a phosphatic lick against large 
bowel parasites. This lick also contained copper sulphate and sodium 
arsenite, and was one which Veglia (1928), in discussing the control of 
Oesophagostomvfn columhiamim, had suggested as being of value. 
Finally, the value of oats as a supplementary feed for sheep, both with 
and without meat meal, was investigated, in view of the widespread use 
of the former as a sheep feed in Australia. 


2. Details of Trial. 

During the present trial, 210 cross-bred owe lambs w(*re employed, 
these being weaned at the commeucemeut of the trial, at which time 
fhey were four to five months old. The lambs were each ear-tagged, 
and then were divided into seven groups, each of 30 lambs. Each 
group, except Nos. 6 and 7, was supplied with a basal phosphatic fick 
containing hone flour 45 parts, dicalcic phosphate 45tparts, and salt 10 
parts. 

Groups 1, 2, 3, 4, and 5 were run on natural pasture, at the rate of 
approximately 1 sheep to 14 acres. From month to month, each group 
was moved in rotation through five paddocks. 

Gt'oups 6 and 7 w<*re run separately on improved pastures at the rate 
of sheep to tlie acre, the paddocks being alternated each montli. 

The several lots W’ere treated individually, as follows:— 

Group 1.—Drenched at monthly intervals Avith 2 cc. carbon tetra- 
chlonde in 3 cc. litpiid paraffin. 

Group 2.—Drenched as in Lot 1, receiving also an addition to the 
basal phosphatic lick; of sodium arsenite 1 part, 
copper sulphate 4 parts per 1,000 of the lick. 

Group 3.—Drenched as in Lots 1 and 2, but also receiving a sup¬ 
plement of i to i lb. of oats per day from March 
to the end of October, the average consumption 
througlioiit being 6 oz, per head per day. 

Group 4.—Drenched at monthly intervals with 50 cc. of a 1 per 
cent, solution of copper sulphate. 

Group 5.—No medicinal treatment. 

Group 6.—Medicinal treatment as in the case of Group 1. 

Group 7.—No medicinal treatment. 

In addition to the above seven groups, a group of a further 40 lambs, 
some of which were the culls of the mob, were run on unimprovod 
pasture, under pasture conditions not strictly comparable with those of 
Lots 1 to 5. These were not drenched, but were given supplementary 
feeding with meat meal and oats, of which the quantity consumed will 
be detailed later, and the same medicinal supplements in the lick as in 
the case of Group 2. This lot may be designated Group 8, though no 
strict comparison can be made hetAveen it and the otlier groups. 
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At the beginning of the trial, the mean body weights of the several 
groups were as follows:— 

Group 1.—49.8036 dz 0.8977 lbs. 

Group 2.—50.6000 dz 0.7862 lbs. 

Group 3.—50.5333 ±: 0.7849 lbs. 

Group 4.—49.2167 db 0.8065 lbs. 

Group 5.—50.8333 d: 0.8835 lbs. 

Group 6.—48.8667 di 0.7853 lbs. 

Group 7.—51.7333 d= 0.6898 lbs. 

Group 8.—48.1842 dt 0.6083 lbs. 

Unfortunately, the statistical treatment of these group weights waj* 
not possible before the commencement of the trial, since Dr. (^arr Fraser, 
in examining them subsequently for homogeneity, has found that Groups 
6 and 7 were not statistically homogeneous, though each is homogeneous 
with all other groups. Group 8 has also b(*en found by Dr. Fraser 
to be non-homogeneous with Group 7. 

Clitnatic and Other Conditions during the Trial .—Xo rain was 
recorded in January after the first weighing and drenching of the several 
lots. In February, the rainfall was not recorded, but conditions con¬ 
tinued to be very dry throughout this month, pastures drying off 
markedly in all lots, and being well eaten down in the. improved pasture 
lots (Xos. 6 and 7). During the following ten months, the rainfall was 
as follow^s:— 


March 


4.21 

inches. 

April 


2.25 

V 

May 


0.72 

n 

June 


3.60 


July 


2.50 


August 


4.25 


September 


6.00 

>> 

October 


3.35 


November . . 


1.00 

11 

December . . 


1.51 

V 

Total 

,, 

35.30 



Owing to the topdressing with superphosphate of the paddocks o{ 
Groups 6 and 7 being delayed until March, no shoot of clovers and other 
herbage folloAved the March rains, and, owing to this and the depreda¬ 
tions of rabbits, both lots lost markedly in weight, Group 6 suffering 
particularly. So serious was this, that from the 8th April to the 8th 
May, it was necessary to move both lots to another improved pasture 
paddock. From April onwards, however, - there was a satisfactory 
response from these pastures, as is reflected by the steady gains in weight 
made by Groups 6 and 7 on being returned to them on 8th May, and 
onwards through the severe winter months. The year, as a whole, was 
considered a very favourable one for the district, and all lots did very 
much better than the corresponding groups in 1931. 

Parasitic Infestation .—The type and degree of parasitic infestatiori 
in all groups was followed each month by culturing faeces taken from 
three sheep in each group selected at random when the sheep were 
mustered for weighing and drenching. 
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At the beginning of the trial, post-mortem examination showed the 
predominant infestation to be with small Trichostrongyles, mainly 
Ostertagia circumcincta and Trichostrongylus spp. (T. instabilis, T, 
rugatus, and T, vitrinvs) while Nematodirus spp. were also numerous. 
The degree of infestation with Nematodirus sp. was rather difficult to 
compare with that of the other species, owing to developmental 
peculiarities of the larvae, and also the very poor egg-laying properties 
of this species. The larvae of large bowel parasites, considered to 
be chiefly Oesophagostomum venulosum, comprised a relatively large 
percentage of larvae in cultures (0 to 25 per cent.), while some 
Chahertia ovina were also present. 

Haemonchus contortus, which some years previously was said to have 
been an important parasite on this property, was found, as in 1931, 
to be present to only a very slight degree, whether in treated or untreated 
lots. Cooperia spp. also comprised a very low percentage of larvae 
in the several lots. 

The degree of infestation as shown by faecal culture did not appear 
to suffer any marked variation, but this method of determining such 
variation was frequently unsatisfactory, owing to thq faeces being very 
soft and even diarrhoeic, particularly following the heavy rains in 
iVugust and September. 


3. Results Obtained. 

Though certain sheep died in each of Groups 2, 3, 4, 5, and 6, it 
was only possible to carry out detailed post-mortem examinations of 
two of these, No. S 177 from Group 6, and S 76 from Group 3. 

S 177 (Group 6) died on 23rd July, and the viscera were kindly 
examined by Mr. D. T. Oxer, B.V.Sc., of the Tasmanian Department 
of Agriculture, and all parasites were collected. Infestation with 
parasites was found to be very light, the species present being Ostertagia 
circumcincta, Trichostrongylus spp., and Nematodirus filicollis, 

S 76 (Group 3) was seen to be losing condition rapidly during July, 
and in August was forwarded by Mr. Brodribb to Mr. Oxer for 
examination. The animal was destroyed by Mr. Oxer, the worms in 
the stomach were counted, and those in the small intestine forwarded 
1o this Laboratory. After counting several samples totalling over 
1,000 worms in suspension, it was estimated that there were 
approximately 30,000 present in the stomach and small intestine, of 
which approximately equal numbers were Trichostrongylus spp. and 
Nematodirus spp. At the same time as this sheep was seen to be 
losing condition markedly, S 117 (Group 4) was also found to be 
similarly affected, and at the September weighing it had lost 11 lb. 
weight since June. It was sent to Mr. Oxer in Launceston, but 
recovered on receiving artificial feeding. Probably, this sheep would 
have been found to be as heavily infested as S 76. 

At the September w^eighing, it was found that in each of Lots 1 
to 5, a number of sheep had lost over 6 lb. weight. The very heavy 
infestation of S 76 and sheep treated monthly with carbon tetra¬ 
chloride illustrates the relative inefficiency of this treatment to control 
small Trichostrongyles. 
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Mortaliiy, 

During the twelve months of the trial, the mortality in the various 


groups was as follows:— 

Group 1 .. .. .. 0 

Group 2 .. .. .. 2 

Group 3 .. .. .. 2 

Group 4 .. .. . . 1 

Group 5 .. .. .. 3 

Group 6 .. .. .. 1 

Group 7 .. .. .. 0 


As has been mentioned, autopsies were performed only on S 177 
and S 76. In the first of these, the cause of death could not be 
determined, but it did not appear to be due to parasitism, infestation 
being extremely light. In the case of S 76, death could certainly 
be considered to be due to parasitism (H. McL. Gordon, in unpublished 
work, has found an infestation with 9,000 to 10,000 Trichostrongylvs 
instabilis sufficient to cause death in lambs three to four months old, 
running with their mothers, and receiving hand-feeding in addition). 
Though the higher mortality is in no way significant, it is of interest 
to note that more animals died in the untreated control group than 
in any other—a similar result to that noticed in the 1931 trial, when 
the control group suffered by far the heaviest mortality. 

Consumption of Lick, 

It is to be remembered that Groups 1, 3, 4, and 5 received a basal 
phosphatic lick, comprising dicalcic phosphate 45 per cent., bone flour 
45 per cent., and salt 10 per cent. Consumption per lamb per day 
was negligible from January to March, but from April to October, 
consumption varied markedly from group to group. From October 
onwards, consumption of lick in these lots again became negligible, 
except in Lot 3, in which it averaged 6.2 gins, per day. The average 
daily consumption per sheep from April to October was as follows:— 

Group 1, 2 gms. Maximum in any month, 3.45 gms. 

Group 3, 11.6 gms. Maximum in any month, 17.3 gms. 

Group 4, 2.4 gms. Maximum in any month, 3.45 gms. 

Group 5, 1.9 gms. Maximum in any month, 2.9 gms. 

It is seen that Group 3, which received an average daily supple¬ 
ment of 6 oz. of oats per head per day from April to November, con¬ 
sumed very much more of the lick than any of the other basal lick 
groups. 

The consumptions of lick per head per day by Groups 2 and 8, 
which received the same basal lick as the other groups, but with the 
addition of medicinal supplement in the form of sodium arsenite 
1 part, and copper sulphate 4 parts per 1,000, were as follows:— 

Group 2, 0.8 gms. Maximum in any month, 1.9 gms. 

Group 8, 8.3 gms. Maximum in any month, 12.8 gms. 

Here again, as in the case of Group 3, it appears that the feeding 
of an oat and meat supplement to Group 8 resulted in greatly increased 
consumption of minerals. This very much higher consumption of lick 
by both lots receiving supplementary feeding in the form of concen¬ 
trates is of considerable interest. 









The abnormally low consumption of lick by Group 2 is thought 
to be due to the very bitter nature of the drugs added. Groups 6 and 
7 on improved pasture received no licks. 


Cotisumption of Pood Supplements, 

Group 3, which received a daily ration of oats varying from i lb. 
to i lb. per head per day from April to ITovember, consumed in all 
80 lb. per head. The 40 sheep in Group 8, which received the meat 
and oats supplement, consumed 120 lb. of oats per head, over the same 
period, and 19 lb. of meat meal from June to November. 


Body Weights, 

The accompanying graphs* illustrate that all four lots on natural 
pasture without supplementary feeding exhibited a negative growth 
curve until the spring shoot occurred, as seen at the October weighing. 
The loss of weight tended to be most severe in the case of the control 
Group 6. In the case of Group 3, receiving the oats supplement, 
some slight gain occurred during the negative phase of the other 
groups; this also occurred in the case of Group 8, receiving the oats 
and meat meal supplement. At the time of shearing on 23rd NovembcT, 
the gains in weight per head in the several groups, exclusive of the 
fleece weights, were as follows:— 


Group 1 

.. 6.8 lb. 

Group 2 

5.7 lb. 

Group 3 

.. 15.0 lb. 

Group 4 

.. 7.6 lb. 

Group 5 

8.2 lb. 

Group 6 

.. 31.9 lb. 

Group 7 

.. 33.3 lb. 

Grouj) S 

.. 21.0 lb 

ghing of all 

groups was made on 


January, 1933, after completing twelve months of the trial. The final 
weights per head and the gains since the beginning of the trial were 
as follows:— 


Group 1—Average 

weight, 

65.25 

lb. 

Gain, 

16 lb. 

Group 2— „ 


67.0 

lb. 


16.4 lb. 

Group 3— ,, 


79.18 

lb. 


28.65 lb. 

Group 4— ,, 


69.7 

lb. 


20.49 lb. 

Group 5— ,, 


69.33 

lb. 


18.5 lb. 

Group 6— ,, 


93.57 

lb. 

V 

44.7 lb. 

Group 7— „ 


98.95 

lb. 

yy 

47.2 lb. 

Group 8— „ 


79.31 

lb. 

yy 

31.12 lb. 


Dr. Carr Fraser has found that the differences between Groups 
1, 2, 4, and 5 are not significant, and it appears, therefore, that 
medicinal treatment on natural pasture resulted in no gain in body 
weight when compared with the untreated control Group 6. This 
lack of indication of any beneficial effect from medicinal treatment as 
far as body weight is concerned is probably due in part to the fact 


* Baaed on monthly wrlghinga. those in November being takvn before shearing. 
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that the helminth species present were mainly Ostertagia spp. Tricho- 
strongylus spp., Nematodirus spp., Ohahertia ovina and Oesophago- 
stomum venulosum, against none of which has any satisfactory treatment 
been devised. In contrast, Groups 3 and 8, on natural pasture with 
supplements, showed definite increases in the weight gained, but thcs^, 
in view of the high consumption of expensive supplements, are rela¬ 
tively slight. The difference between the.^e two groups, in spite of 
the fact that one received a meat meal supplement and consumed more 
oats, is not significant. 

In the case of Groups 6 and 7, on improved pasture, at a rate of 
stocking double that of the natural pasture groups, both groups showed 
very much greater gains than any natural pasture groups, but again 
there is no significant difference between treated and untreated, and 
the untreated group actually made a greater average weight gain. 
As has been mentioned, owing to lack of homogeneity at the beginning 
of the trial, there is no logical basis for comparison of these groups, 
although each is comparable with Groups 1, 2, 3, 4, and 5. 

Wool Weights, 

All groups were shorn on 23rd ^^ovember. Each individual fleece 
was weighed and classed for general quality, count, length of staple, 
and estimated clean-scoured yield. The average wool production in 
each group was as follows:— 

(rroup 1 . . . . .5.49 lb. 

Group 2 . . . . 5.43 lb. 

Group 3 . . . . 5.64 lb. 

Group 4 .. .. 5.32 lb. 

Group 5 .. .. 5.15 lb. 

Group 6 . . . . 7.61 lb. 

Group 7 .. . . 7.91 lb. 

Group S . . . . 6.3 lb. 

The differences shown in wool weight between Groups 1, 2, 3, 4, 
and 5 are not significant. As in the case of body weight, medicinal 
treatment, even combined as in the case of Group 3 with supplementary 
feeding with oats, resulted in no significant increase in wool production. 

Group 8, which received meat meal in addition to oats, cut slightly 
more wool than the natural pasture groups, but from an economic 
stand-point the increase was unimportant in relation to the high cost 
of the supplements fed. 

The two improved pasture groups showed a very marked increase 
over any of the natural pasture groups, the difference between the 
treated and untreated lots not being significant, but again the untreated 
lot produced a slightly higher average yield. 

Quality of Fleece. 

In contrast to the lack of any significant difference in the amount 
of wool produced in the treated and untreated lots, a marked difference 
was shown in the quality of the wool of the treated when compared 
with the untreated natural pasture groups. All groups on natural 
pasture and not receiving supplements showed a proportion of tender 
C. 7686—3 
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wools, but this varied in the several groups, and was very much higher 
in the case of the untreated controls. The percentage in each group 
was as follows:— 


Group 1 
Group 2 
Group 4 
Group 5 


6 per cent. 
10.7 per cent. 
17.9 per cent. 
68.3 per cent. 


No tender fleeces occurred in Group 3, which received the oats 
supplement in addition to medicinal treatment, but 9 per cent, occurred 
in Group 8. None of the sheep in Groups 6 and 7 showed any tender 
fleeces. In spite of this, according to the classer’s estimate, the wool 
of Group 6 was considered to be definitely superior in quality to that 
of Group 7, it being estimated that it was of at least 5 per cent, higher 
value. 


The apparent influence of treatment in improving wool quality by 
decreasing the number of tender fleeces indicates that quality of wool 
may be a more sensitive indicator of adverse conditions than the weigjit 
of fleece produced, just as in the previous trial (Clunies Eoss and 
Graham, 1932) there were indications that under improved pastur(5 
conditions fleece weight was a more sensitive indicator of the effects 
of internal parasitism than body weight. 


Effect of Improved rapture on Fleeces. 

(i) Count .—The fleeces in each group were classified into tlie fol¬ 
lowing classes:—56 to 56-58, 68 to 58-60, and 60 to 64. It was 
found that the improved pasture groups showed a definite, tliough 
relatively slight, lowering in count when compared with the natural 
pasture groups, whether treated or untreated, or whether receiving 
supplements. 

In all natural pasture groups, the largest class of fleeces fell within 
the 60 to 64 group. In the case of Groups 6 and 7 (improved pasture) 
on the other hand, the largest group of fleeces fell in the 58 to 58-60 
class. 

Groups 3 and 8, receiving supplements, produced as high a per¬ 
centage of 60 to 64 fleeces as natural pasture groups without supplements. 

It is again necessary to stress the fact that the commonly held idea 
that a relatively slight lowering of count, such as occurred on improved 
pasture in the present trial, and in that previously reported (Clunies 
Boss and Graham, loc. cit.) is not necessarily any indication of lowering 
in value of the fleece. It is known that a well and evenly-grown 
58’s wool may have as high a spinning value as a poorly grown 64’s, 
and in this connexion the proportion of tender fleeces in all natural 
pasture groups without supplementary feeding is contrasted with the 
100 per cent, of sound fleece in the improved pasture groups. 

(ii) Estimated clean-scoured yield .—The estimated clean-scoured 
yield is based solely on an expert classer's estimate, and while this 
estimate may not be exact so far as the actual yield is concerned, there 
is no reason to doubt that it does give an accurate indication of the 
relative yields of the several groups. As in the trial quoted above, it 
was again found, contrary to commonly held views, that the improved 
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pasture groups gave as high a percentage of high-yielding fleece (66 
to 68 per cent.) as any of the other groups. In fact, in the case of Group 
6, ther^ was a higher percentage than in any other group. 

In this connexion, it might be mentioned also that the work of 
Marston (1982) also shows that supplementary feeding, even when 
leading to very marked increase in wool production, does not lead 
necessarily to a lessening of dean-scoured yield. 

Parasitism at the End of the Trial, 

At the end of the trial in January, a number of sheep in each 
group (except Group 1) were examined post-mortem, to determine the 
degree and type of parasitism present. Though this examination was 
designed to determine any gross variation in the degree of infestation 
in the several groups, it had the special object of determining whether 
the medicinal supplements added to the licks in Groups 3 and 8 had 
any effect in reducing the numbers of large bowel parasites {Chabertia 
ovina and Oesophagostomum venulosum) in these groups. So far 
as the general parasitism was concerned, it was found to be extra¬ 
ordinarily .light in all groups. Apparently, the heavy infestations 
suffered by some sheep in the late winter and spring (e.g., S 76) had 
been very largely thrown off, even by untreated sheep, as a result of 
improved nutrition. 

Infestation with Ilaemonchus contorius was extremely light, not 
more than three worms being found in any sheep in any group, even 
in the control untreated Group 6. Ostertagia and Trichostrongylus sp. 
were present in the majority of sheep, whether treated or untreated, 
but there was no significant difference in the numbers present in any 
group, with the possible exception of Group 7, in which two sheep 
were entirely negative. Nematodirus was absent in all sheep, with 
the exception of one animal in Group 2 in which only a very few 
individuals were present. 

In the case of the large bowel parasites, comparison was first made 
between the sheep in Group 8, in which the consumption of lick con¬ 
taining medicinal supplements had been high, and in the control 
untreated group. In this group, of which six animals were killed, the 
average number of Chabertia ovina was 3.66, and of Oesophagostomum 
venulosum 24.33. In Group 5, of which five animals were killed, the 
average number of Chabertia ovina present was 7.0, and of Oeso¬ 
phagostomum venulosum 24.2. There is no significant difference, 
therefore, in the number of large bowel parasites present in the untreated 
control group, and the group receiving and consuming large amounts 
of medicated sunplements in the form of a lick. There is no evidence, 
therefore, that such supplements had any effect on the large bowel 
parasites. 

It might be noted, however, that the other natural pasture groups 
examined. Groups 2, 3, and 4, had a considerably larger average, 
number of these parasites than the control untreated group on natural 
pasture. In the case of Group 2, which also received medicinal supple¬ 
ments, but of which the average consumption was extremely low, the 
average number of Chahertia ovina was 1, and of Oesophagostomum 
venulosum 42. 

Only two sheep w^ere found entirely free both from Chabertia ovina 
and from Oesophagostomum venulosum, these being in Group 7. • 
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4. Discussion. 

Tile present experiment offers some confirmation of that of 1931, 
in that, though 1932 seasonal conditions were much less severe, so that 
there was no differential mortality rate nor differences in production 
of wool or mutton, definite beneficial effects of medicinal treatment 
against small Trichostrongyles w’cre made evident by the much 
better wool quality of the treated sheep on natural pasture, com¬ 
pared with the control group (Group 5). At the time of shearing 
in November, in the opinion of the wool-classer, which was confirmed 
by Mr. D. T. Oxer, B.V.Sc., Group 5 was quite obviously the most 
unattractive of all groups in general appearance, and this was borne 
out by the analysis of the fleeces showing the much greater number of 
tender fleeces in this group. 

In spite, therefore, of the known inefficiency of treatment with 
either carbon tetrachloride or copper sulphate against the small 
Trichostrongyles of sheep, it is evident tliat such treatment may serve 
to mitigate their effects. It does not make less necessary the develop¬ 
ment of more satisfactory methods of treatment and control than afe 
at present available. 

'The improved pasture lots, Groups 6 and 7, indicate that not only 
is very great improvement in wool and mutton production possible 
by improved pastures, but that with adequate nutrition the effects of 
parasitic infestation, under the conditions obtaining in the present trial, 
become appar(‘ntly negligible, as gauged by wool and mutton produc- 
-tion in treated and untreated groups. Compared with the best average 
wool production of any natural pasture group without supplements 
(Group 1), namely, 5.40 lb., both improved pasture groups produced 
more than 2 lb. per head more, and, at twice the stocking per acre, 
9 lb. more per acre. In addition, compared to the best gain in body 
weight on natural pasture without supplement, they produced over 
20 lb. more in live weight per head, or over 115 lb. more per acre. 
In addition, a survey of paddocks 6 ancl 7 at the beginning of the 
summer showed that they could have carried an extra lamb per acre. 

The use of medicinal supplements in licks in the group (Group 8) 
in which consumption averaged over 8 gms. per head per day through¬ 
out the trial was not found to lead to any decrease in the number of 
C. ovina or Or. vcnulosum present, when compared with the untreated 
control (Group 5). Consumption of medicinal supplements in the 
groups would be equivalent to approximately 240 mg. (4 grains) 
of sodium arsenite per month, and 960 mg. (16 grains) of copper 
sulphate per month, or double the dose of these drugs usually used in 
crombinatioii in routine treatment of sheep. The supplements are 
even less likely to prove effective under Australian field conditions, in 
that, when used, lick consumption appears to be decreased owing to 
the bitter nature of the drugs. Thus, in Group 2, which did not 
receive any food supplement, the average consumption was only 0.8 
gms. per day. The high consumption in Group 8 appeared to be 
associated with the feeding of food supplements. 

The results in the present trial do not bear out the indications of 
the 1931 trial that these drugs administered in the lick had lessenevl 
infestation with the large bowel parasites, but confirm experimental 
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evidence (Clunies Ross, 1932) of the futility of endeavouring to control 
parasitic infestation by adding medicinal supplements to licks and 
drinking water. 

So far as the food supplements are concerned, the use of oats at 
the rate of 6 oz. per head per day from April to November (seven 
months), costing approximately Ss. per head, led to a disappointing 
increase in body weight, and no significant increase in fleece weight. 
However uneconomic such continuous feeding might be, it was to be 
(‘xpected that at least some increase in wool production might have 
resulted. It is true that all fleeces in this lot were sound, whereat 
58 per cent, of fleeces in Group 5 (control untreated) were unsound. 
This, however, was the only definite value of the supplement so far 
as wool production was concerned. In this connexion, it must be 
remembered that oats are very commonly fed as a supplement to sheep 
in Australia, in Western Australia up to 1 lb. per head per day being 
given for months at a time in certain districts. It would appear very 
doubtful whether feeding on such a scale is justifiable, and whether 
equally good results might not be obtained much more economically 
such as by other supplements, improvement of pastures, &c. 

Group 8, which received an average of 9 oz. oats per head per day 
from April to November, and 1.9 oz. of meat meal from June to 
November, at a total cost of approximately 9s. 3d. per head, showed 
no significantly greater increase in weight than Group 3, but produced 
a significantly greater amount of wool (6.3 lb. per head, compared 
with 5.6 lb. in Group 3). Again, the gain in body and wool weights 
was entirely insignificant in relation to the cost of the supplements fed. 
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2. Experiments at “ Meteor Downs ” during 1932. 

By /. Clunies Ross, D,V.Sc,, and N, P. H, Graham, B.V,Sc, 

Sarmnary. 

1. Treatment with carbon tetrachloride under the conditions obtaining through 
this trial led to no increase in body weight in the treated animals as compared 
with the untreated animals. 

2. Treatment with carbon tetrachloride led to no increase in fleece weight, nor 
significant difference in wool quantity. 

3. It is thought that the very low rainfall contributed largely to the lack of 
evidence of harm caused by parasites. 
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1. IdtrodttCtiofi. 

The field trial on Meteor Downs ” was devised to supplement that 
carried out in 1931, which, unfortunately, had to be abandoned owing 
to drought conditions, after having been in operation for only a few 
months. The objects of the trial were:— 

1. To determine the effect on worm infestation and on wool and 
mutton production of drenching at monthly intervals with carbon tetra¬ 
chloride. 

2. To determine whether, when administered in conjunction with 
monthly drenching with carbon tetrachloride, the addition of sodium 
arsenite and copper sulphate to the basal phosphatic lick supplied to all 
groups would effect some satisfactory measure of control of Oesophago- 
stomum columhianum (the nodule worm) in the large bowel, which is 
known to be resistant to ordinary anthelmintic medication. 

3. Whether the addition of sodium arsenite and copper sulphate to 
the lick, without carbon tetrachloride drenching, would effect anv 
reduction in the number of Haemonchus contortus (the stomach worn!) 
as well as Oesophagostomum cohimhianum. 

The experimental sheep comprised four trial lots:— 

Lot 1 receiving carbon tetrachloride at monthly intervals, and a 
basal phosphatic lick; 

Lot 2 receiving carbon tetrachloride at monthly intervals, with 
addition of sodium arsenite and copper sulphate to the 
basal phosphatic lick; 

Lot 3 receiving medicinal lick only, with no drenching; and 

I.ot 4 being the control, and receiving the basal phosphatic lick 
only. 


2. Conditions during Trial. 

All the sheep were rotated in turn through four experimental pad- 
docks, which had been left unstocked since the previous August. Stock¬ 
ing was light, only 30 sheep being run on 80 acres. Pasture conditions 
were very good at the beginning of the trial, and individual lots made 
gains up to 9 lb. per head in a single month. Rainfall throughout the 
trial was very low, and the total for the year comprised only 11.91 
inches, which is very much below the average for the property. It is 
thought that this low rainfall was responsible for the fact that para¬ 
sitic infestation was light throughout. 


Body Weights. 


Lot No. 

Averago weight at 
beginning of trial. 

Average weight at 
endf of trial. 

Gain. 


(lb.) 

(lb.) 

(lb.) 

1 

42-6 

910 ! 

48-4 

2 

36*2 

920 

56-8 

^ I 

40-8 

88-0 

47-2 

4 

40-8 

92-6 

61-8 
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Unfortunately, at the beginning of the trial, Lot 2 was non-homo- 
geneous with the other groups, but it might be noted that it gained the 
most of all lots. The only other significant difference is between Lot 4 
and Lot 3, the former being the control lot, and the latter receiving 
medicated lick only. So far as the body weights are concerned, there¬ 
fore, all that can be said is that treatment certainly resulted in no gain. 


Wool Weights, 

All sheep were shorn at the end of the trial, in January, 1933, the 
average weights of wool per head for the several lots being:— 

Lot 1 .. .. .. 9.24 lb. 

Lot 2 .. .. .. 8.49 lb. 

Lot 3 .. .. .. 8.53 lb. 

Lot 4 .. .. .. 8.98 lb. 


The difference between Lot 1 and Lots 2 and 3 is almost significant, 
but that between 1 and 4 is not. It is seen that one lot receiving 
carbon tetrachloride drenching cut slightly more wool than the others, 
while the other carbon tetrachloride lot, receiving also medicated lick, 
cut the least of all lots. According to the classer’s estimate, the fleece in 
Lots 1 and 2 were of slightly better quality than those in 3 and 4, but 
the individual analyses of the fleece do not indicate this definitely. 


Lick Consumption, 

Lick consumption throughout the trial was light, and tlie highest was 
5 gms. per sheep per day; the lowest during one or two months was a 
little more than 0.75 gm. per sheep per day. Consumption in Lots 2 
and 3 (medicated) was not appreciably lighter. 


Parasitic Infestation, 

At the beginning of the trial, parasitic infestation was heavy, in four 
lambs of the same age killed before the trial the average degree of infes¬ 
tation being over 1000 Haemonchus contortus. Apparently, through 
being placed on clean paddocks which had been spelled for five months, 
and through the good condition of the pastures, the lambs received a 
good start, and at no time did the untreated lambs suffer in comparison 
with the treated. 

So far as the efficiency of drenching is concerned, it was found in 
months in which no rain fell that the monthly treatment with carbon 
tetrachloride almost completely eliminated infestation with II, contortus. 
This was seen particularly at the January weighing, no rain having 
fallen for over a month. 

At the end of the trial, five sheep from each group were examined 
post-mortem. In Lots 1 and 2, out of 10 sheep examined, only two 
showed any Haemonchus infestation, and then with only a few worms 
in a single sheep from each group. In Lots 3 and 4, 9 out of 10 sheep 
examined showed light to moderate degrees of infestation, the number 
of worms being estimated as from 50 to 500. 

During the months in which several falls of rain occurred, it was 
found that even the treated groups showed a high percentage of* 
Haemonchus larvae at the next monthly weighing. 
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So far as the Oesophagosiornum infestation was concerned, against 
which the medicinal supplements were employed, infestation in all 
groups was light, and there was no significant difference in the numbers 
found in any group. This confirmed the findings in the Tasmanian 
trial. 

3. Conclusion. 

As a result of the evidence obtained in this experiment at Meteor 
Downs/’ namely, that light to moderate degrees of infestation with 
H. contort us caused no interference with growth or wool production, 
a trial has been started on “ Hinchinbrook ” (see page 214) to investi¬ 
gate this point more thoroughly. The practical applications are 
possibly of importance, for should it be confirmed that sheep can 
tolerate a light to moderate infestation with worms—hitherto considered 
to be of some importance, depending on the degree of infestation 
carried—without reduction of growth or wool production, it would mean 
that drenching could be concentrated on eliminating heavy degrees of 
infestation, and safeguarding against these when climatic conditions 
predispose to them. 


Pyrethrum. 

By A, McTaggart, Ph,D* 

Evidence has rocently been forthcoming tliat a few people in Australia 
arc already producing p^icthrum, and that others would appreciate 
further information in regard to it. The article that follows may there¬ 
fore be of fairh wide interest. If, however, it succeeds in drawing 
attention to the limited Australian market for p> rethrum it will ha\e 
served one of the purposes of its publication. It can hardly be too 
strongly emphasized that by the planting bf a few* hundred acres the 
total Australian demand could he satisfied, and that extra plantings 
would mean that the very keen competition of the export trade would be 
encountered. -Ed 


I. Introduction. 

In recent years, attention has been given in various countries to a 
study of cultural and other problems associated with pyrethrum 
(Chrysayifhemiim cmerariaefolium), the flowers of which, when dried 
and ground to a jiowder, form a raw material for the manufacture of 
one of the most effective and conveniently used insecticides, viz., the 
well-known fly spray. (Such sprays are made by leaching the powder 
from dried pyrethrum flowers with a petroleum oil fraction resembling 
kerosene, and adding small amounts of essential oils to scent the 
mixture.) 

An incentive for such studies has, no doubt, been the phenomenal 
increase in the world production of pyrethrum, particularly in Japan. 
Kecently, brief mention of the matter has been made in the press 
throughout Australia, and hence the following more detailed informa¬ 
tion may be of interest. 


* Senior Reseftreh Officer, Division of Plant Industry. 
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2. Brief History of Culture. 

Pyrethrum is believed to have originated in the Mediterranean 
region. It appears to have been known in Persia for its insecticidal 
properties for several centuries. The early 19th century saw its 
introduction, or re-introduction, into Europe, from Persia. Then, as 
now, it was the red-flowered common species {Chrysanthemum roseum 
or C. coccineum) that was grown in that country. During the period 
1850-60, a new and more valuable species (6\ cinerariaefolium) was 
produced in Dalmatia. It was wdiite or yellow-flowered, and was 
destined to become the most widely cultivated type of the present day. 

In 1881, Japan introduced the plant from Dalmatia. Following 
successful experiments near Tokyo, serious cultivation began in that 
country in 1886. Cultivation spread rapidly, and the year 1896 saw 
its introduction into Hokkaido (the northern island of Japan), where 
64 per cent, of that country’s production occurs to-day. Japan now 
claims 70 per cent, of the world’s yield of flowers. Austria and «Jugo- 
Slavia also produce pyrethrum in fairly large quantities. In addition 
France, Switzerland, Spain, North Africa and Argentina grow the 
plant on a limited scale for home use. 

Production in Japan, —The Great War having opened the world’s 
markets for the product to Japan, cultivation of the plant in Hokkaido, 
in consequence, reached significant proportions. In 1914, less than 
10,000 lb. per annum were produced there, with only 2,150,000 lb. in the 
whole of Japan. Owing largely to the conversion of land to the 
cultivation of pyrethrum (the only crop which at the time gave a 
profitable return for farm labour) phenomenal expansion of the pyre¬ 
thrum acreage in Hokkaido took place. In 1926, the peak year, nearly 
26,000 acres of the crop were grown on that island, which acreage 
yielded over 10,000,000 lb. of dried flowers. In Japan as a whole that 
year some 33,728 acres produced 15,993,037 lb. This proved to be 
over-production, and there has since been a decrease in the area 
cultivated. 

The approximate average annual output per acre during the period 
1911 to 1928 for Japan was 500 lb., while for Hokkaido province it 
was 347 lb. The apparently low average yield of the latter was due 
largely to the fact that on that island pyrethrum is grown in very 
poor soils—unfit for the cultivation of other crops. Moreover, irrigation 
is not practised there. 

Cost of production and net income in Japan. 

The average cost of production of pyrethrum and the net income 
per acre, in Japan, are as follows:—* 

Total cost of production per acre over 5 years .. == £35 0 0 

Average cost of production per acre per annum = TOO 
Gross income per acre over 5 years (on basis of a 
crop during 3rd, 4th, and 5th years, totalling 
1618.3 lb. at approximately 11 fd. per lb., 
the average price for the few years prior to 
1930; 74 0 0 

Net income per acre for the 5 year jjeriod . . 39 0 0 

Net income per acre per annum . . .. = 7 16 0 

(Par value, 24.68d. per yen, was used in calculating.) 


* From an article in the Bull. Imp. Inst. 28 : 328,1930 
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Production in Europe ,—On account of its superior quality, the 
Dalmatian pyrethrum product has of late years resulted in an increasing 
demand in Great Britain, France, Italy, Germany, and the United 
States of America. The year 1926 proved to be a year of over¬ 
production in Europe as it was in Japan. This resulted in a subsequent 
reduction of acreage, with a corresponding increase in price. 

3. Experiments in various Countries. 

In Great Britain, co-operative experiments conducted by the Plant 
Pathological Laboratory of the British Ministry of Agriculture and the 
Insecticides and Fungicides Department of the Eothamsted Experiment 
Station demonstrated that pyrethrum can be grown and harvested 
successfully in England, that the average yield of dried flowers was of 
the same order as that obtained elsewhere, and that the insecticidal 
efficiency of the product was not less than that of imported samples. 
Indeed, English-grown flowers in many instances showed a higher per¬ 
centage of pyrethrins* than imported flowers. Fryer, Tattersfield, 
and Gimingham at Eothamsted showed that the toxicities of extract^ of 
equal weights of pyrethrum flowers at different stages of development 
do not differ significantly. Tattersfield later showtM that the percen¬ 
tage of pyrethrins present in the flowers increases up to the stage at 
which they are fully open, which finding was also arrived at by 
Gnadiiiger and Corl in America by use of a different analytical method. 
The practical importance of this discovery was such that with maturity 
came not only an increased yield of flowers but also an appreciably 
greater quantity of pyrethrins per unit area. It was also demonstrated 
at Eothamsted that a very poor sandy soil could produce an excellent 
sample of flowers, and that fertilizer applications did not markedly 
affect the yield and toxic quality of such. Tattersfield, Hobson, and 
Gimingham found 0.6 to 1.2 per cent, of total pyrethrins in the flowers, 
made im of approximately equal quantities of Pyrethrin I. and Pyre* 
thrill II. (determined by the acid method). Tested in alcoholic solution 
against Aphis rumicis Linne, Pyrethrin I. was found to be 10 times 
as toxic to these insects as Pyrethrin IT. 

United States of America .—According to a report on pyrethrum 
trade conditions published by the Japanese Commercial Museum in 
San Francisco, in 1926, the United States of America is unsuited to the 
cultivation of the plant at competitive prices. That report showed that 
the republic is dependent upon Japan for at least 80 per cent, of her 
stocks of dried flowers, and that in 1926 she imported 8,061,000 lb. 
from that country. According to Glassford, flowers from all sources 
imported into United States of America increased from 3,000,000 lb. in 
1923 to 9,000,000 lb. in 1929. 

McDonnell, Abbott, Davidson, Keenan, and Kelson of the Bureau 
of Plant Industry, United States of America Department of Agricul¬ 
ture, showed that neither the commercial grade nor the locality where 
grown can be accepted as giving an accurate criterion of the effectiveness 
of the pyrethrum product against insects. They concluded that samples 
of the same grade may differ in efficiency more so than samples 
of different commercial grades, such differences arising from (i) varia¬ 
tions in active constituents due to differences in variety, climate and 
soil; and (ii) variations in conditions associated with harvesting, and 
^th methods of curing, shipping, and storing of flowers. 

• The toxic principles of the pjrrethrura flower (see tinder ** Switzerland," p. 207). 
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The experiments of Gnadinger and Corl, referred to above, showed 
that pyrethrum flowers which have fully opened contain 18 to 61 per 
cent, more pyrethrin than the closed flowers, which for many years 
were thought, erroneously, to be superior. These w^orkers also found 
0.4 to 1.21 per cent, total pyrethrins in the samples of flowers and 
powders tested. 

Glassford, writing on the economics of pyrethrum, referred to recent 
investigations having shown that, by use of proper materials to activate 
the pyrethrum powder, a spray of remarkably increased toxicity is 
obtained, the cost of spraying being as a result correspondingly reduced. 
This advantage, together with that associated with the possibility of 
doubling the yield of pyrethrins by allowing the crop to mature more 
fully before harvesting, might well result in the production ol a flnished 
pyrethrum spray reduced in cost by half the current price per gallon, 
thereby making it comparable in cost with lead arsenate spray. He 
also referred to experiments with pyrethrum dusts, pointing out that 
extract of pyrethrum when carried on the surface of dust particles is 
deflnitely increased in efficiency, the cost of dusting being thereby 
correspondingly reduced. Used in this way, the pyrethrins were efficient 
for some purposes at a dilution of 1 to 133,000. 

According to the same writer, the average consular invoice values 
in the United States of America decreased from 47 cents (Is. ll^d.) 
a lb. in 1923 to 18 cents (9d.) a lb. in 1929. (Recent wholesale prices 
for dried pyrethrum flowers in the United States of America have been 
quoted as low as 16 cents (8d.) per lb.) 

Switzerland .—Two Swiss chemists, Staudinger and liuzicka, flrst 
isolated, determined the chemical structure of, and named, two toxic 
constituents in pyrethrum flowers—Pyrethrin I. and Pyrethrin II. 
They found them present to the extent of only from 0.2 per cent, to 
0.3 per cent., and consisting of approximately 40 per cent, of Pyrethrin 
I. and 60 per cent, of Pyrethrin 11. Staudinger and Harder later stated 
that the content of total pyrethrins may in favorable cases amount to 
0.6 per cent. They also found no difference between open, half-open, 
and closed flowers in percentage of toxic constituents. (Later work 
by Tattersfield and by Gnadinger and Corl, above referred to, showed 
that the percentage of total pyrethrins increases with the maturity of 
the flowers.) A method for the chemical assay of pyrethrum prelimi¬ 
nary to the development by selection and propagation of a strain of 
Chrysanthemum cinerariaefolium of higher toxic value than that now 
grown was also developed by these Swiss scientists. 

Other Countries .—Pyrethrum was grown successfully in Kenya, 
and the dried flowers were tested in England. The report show^ed that 
the flowers contained a satisfactory content of Pyrethrin I., the analyses 
revealing 0.56 per cent., 0.28 per cent., and 0.39 per cent, for full 
bloom,half closed ” and “ buds ” samples, respectively. The flrst 
and last samples were considered higher in Pyrethrin I. content than 
Dalmatian flowers of average quality, and all three samples to be worth 
a little less than the current (April, 1930) price of open flowers from 
Dalmatia (a fraction over lOd. per lb.). 

Pyrethrum flowers of good quality have been grown in the Island 
of Cyprus, while tests carried out in Uganda, Tanganyika, and Trinidad 
showed that the pyrethrum plant grows there, but that it will not 
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produce flowers. At high elevations in tropical countries, however^ 
flowers may be produced, as was shown by the tests conducted in 
Kenya. 


4. Experiments in Australia. 

According to Baron von Mueller, Chrysanthemum cinerariaefolium 
was grown on a large scale on the Lower Latrobe River, Victoria, some 
time prior to 1895. The powder produced from the flowers was 
described as being very powerful.” 

Chrysanthemum roseum (Persian species) has lately been grown 
commercially at Milperra, !N^ew South Wales, and sprays are being 
made in Sydney from the floAvers grown there. 

At Ormond, Victoria, both Chrysanthemum cinerariae folium and 
C. roseum have been grown on a commercial scale for the past three 
years. 

In 1931, the Plant Introduction Section of the Division of Plant 
Industry, incidentally to its main work of introducing and testyig 
varieties of grasses likely to be of value in Australia, introduced a small 
amount of seed of four strains of Chrysanthemum cmerariaefolium :— 


C.P.I. No. 

Strain. 1 

Pro in - - 

2273 

1 

Swiss 

Viticiiltural Station, Lausanne, Switzerland, 
received through C. T. Gimingham, Brit. 
Ministry of Agric., Harpenden, Eng. 

Japan, received through C. T. Gimingham, 
Harpenden, Eng. 

2274 

Japanese Commercial .. 

2288 

1 .Japanese 

Yokohama Nursery Co., Ltd., Yokohama, 
Japan 

2289 

' Japanese 

Japan, through Office of Drugs and Related 
Plants, U.S. Dept, of Agric., Washington 


Seedlings were raised in flats (seed boxes) and transplanted into 
tho field in October, 1931, at Black Mountain, Canberra. The plants 
Avere set out in roAvs IS inches apart and 12 inches apart within the 
row. They Avere periodically Avatered during the dry period of the year, 
and intercultivated only Avhen necessary to keep down weeds. The 
soil was a rather poor clay loam, on a gentle slope. (Pyrethrum does 
best in poor soils.) The plants reached maturity and produced floAvers 
abundantly in the second season, giving yields of heads (dried, dis¬ 
integrated, and pulverized) at the folloAving rates:— 


C.P.T. No. strain. 1 Yield por Acre (Ih.). 

I 


2273 

! 

i Swiss .. 

! 1,163-2 

2274 

Japanese Commercial 

1,174-4 

2288 

Japanese 

1,256-0 

2289 

Japanese 

1,177-3 


Average .. .. 

1,190-2 
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Preliminary tests with the powders produced, which were carried 
out pending the making of provision for more comprehensive tests, 
showed that each was e&ctive in destroying different insects. 

The following shows the estimated cost of production per acre 
during the first two seasons of the above-mentioned yield (first) of 
flowers from the average of the four strains, based on the experience 
at Canberra:— 

(1) Preparing flats, seeding and growing therein, and 

transplanting individual plants into the field 

(2 men—6 days at £4 12s. Od. per week of 5 days) £11 0 0 

(2) Intercultivating and watering (1 man—3 weeks of 

5 days at £4 12s. Od. per week) .. .. 13 16 0 

(3) Harvesting—cutting, drying, disintegrating and 

pulverizing lieads (2 men—3 days at £4 12s. Od. 

per week of 5 days) .. . . . . .> 10 0 

(4) Water used, during two seasons (the period neces¬ 

sary at Canberra to produce mature plants, also 

flowers) .. .. .. .. .. 7140 


£38 0 0 


Estimated average cost per acre per annum 

during first two years .. ,. , £19 0 0 


Estimation of the average cost of production per acre per annum, 
with the corresponding net return per acre per annum, over a period of 
five years (the normal period of establishment plus productiveness), as 
was done from Japanese pyrethrum statistics, must necessarily await 
the obtaining of further results in later years. 

It should be specially noted that in Europe and Japan a crop is not 
liarvested until the third year, whereas in Australia, judging by the 
results obtained to date at Canberra, a satisfactory yield of flowers can 
be secured in the second season of grow’th. 

5. Conclusions. 

Tests conducted in Australia to date, at Canberra or elsewhere, are 
insufficient in scale, distribution, and duration definitely to decide the 
point as to whether or not pyrethrum can be grown profitably in Aus¬ 
tralia in competition with overseas production and the importation of 
dried flowers for processing here. 

By the use of careful intensive methods—including the periodic 
supplying of the growing plants with adequate, though not excessive, 
quantities of water^ it may be possible for the Commonwealth to supply 
her own requirements economically. It should be emphasized, however, 
that these requirements are small, for from figures supplied by the 
Commonwealth Statistician in the Overseas Trade Bulletin, I^o. 27, it 
appears that Australia imported annually during the period 1927-32 
an average of 2016.4 cwt. of dried pyrethrum flowers of an average 
value of £12,940, the value per pound being slightly over Is. Id. 
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In other words, the planting of a few hundred acres would be 
sufficient to satisfy the whole of the Australian demand. The planting 
of any greater acreage would inevitably involve Australia entering into 
an export trade, and here she would have to overcome satisfactorily the 
effects of such factors as (i) heavy, well-organized, experienced, and 
economical foreign production; (ii) a rather low prevailing price for 
the overseas product, in consequence of a recent tendency to over¬ 
production and of depressed financial conditions; and (iii) a marked 
depreciation in the values of the currencies of pyrethrum-producing 
countries, notably Japan. 
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The Occurrence of Pilchard Eggs and Young 
Stages of the Pilchard in the Coastal Waters 
off New South Wales. 

By waiiom J. Dakin, D.Sc., F.Z.S* 

During the past three years, certain marine biological investigations 
have been carried out a few miles off the coast of New South Wales, 
eastward of Port Jackson. This w’ork, undertaken in conjunction 
with the marine laboratory of the Sydney University, has been aided 
by the Trustees of the Science and Industry Endowment Fund, and for 
that reason a rather interesting discovery, which has important com¬ 
mercial bearings, might be of interest to readers of this Journal. 

It is, perhaps, not generally known that the eggs of most marine 
fishes of commercial importance (apart from the somewhat distinct 
groups of sharks and rays) are rather small, are produced in enormous 
numbers in the female fish, and arc set free and fertilized externally 
in the sea water, where they float during their subsequent development. 
It is important to note this last fact. During the time that elapses 
before hatching, the tiny delicate eggs float about, and are carried 
hither and thither by sea currents with the varied assortment of minute 
plants and animals constituting the assemblage known as plankton.” 

It is probable that the high rate of egg production in the individual 
fish is directly correlated with the great risks attending this mode of 
reproduction and the fact that a high death rate may occur during the 
early stages after hatching. 

It is possible to determine the breeding place and date of breeding 
season of a marine fish by the capture of the fish eggs in plankton nets. 
It is also possible, in some partially enclosed waters, to form a quanti¬ 
tative idea of the total fish population by this means. It is essential, 
however, that the fish eggs can be recognized as belonging to this or 
that species of fish. In the North Sea, for example, as a result of years 
of study and exploration, all the different kinds of eggs, not only of 
the fishes commercially important as food, but of many other species, 
have been described and illustrated. Accordingly, they can be recognized 
under the miscroscope. This also applies to the young stages. However, 
we know practically nothing about the eggs of the fishes of the Australian 
coast, and the matter is much more complex by reason of the greater 
number of fish species present. 

There are two methods of tackling the problem. One is to press 
eggs out of a captured mature female fish, fertilize them in an aquarium 
tank with sperm from a male fish, and then to endeavour to rear the 
eggs as far as possible. In this way, of course, the species of fish is 
obviously known from the beginning. It is not, however, a plan which 
can always be carried out. The other method is to catch eggs and 
larvae with special plankton nets, and to go on doing this until 
gradually, like a jig-saw puzzle, a series can be put together, leading 
from the egg through various sized stages from the just-hatched larva 

* Professor of Zool(^y, University of Sydney. 
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until one is obtained which is big enough, or characteristic enough, to 
be recognizable as this or that species of fish. That, of course, supplies 
the clue for all the earlier stages and the egg itself. Naturally, this 
line of investigation requires time and patience. 

During the last three years, my colleague, Mr. A. Colefax, and myself 
have examined hundreds of plankton catches from the New South Wales 
coastal waters, and each year, during the period from May to September, 
we have found a certain kind of egg which we thought might reasonably 
be regarded as belonging to some fish of the herring tribe. But no 
larvae later than the just-hatched stages were discovered. 

This year, however, a special effort has been conducted with a large 
net, and every week after the eggs first appeared a search was made at 
sea for young stages. Over a period of six weeks, we had considerable 
success; each successive week bringing in a few larger individuals, 
until at last a stage was reached which left no doubt in our minds 
that the eggs were those of the Australian pilchard {Sardinia 
neopilchardus), 

It is possible, therefore, to state quite definitely, not only that ^e 
pilchard is breeding off Sydney during the months from May to Sep¬ 
tember, but that the numbers must be very great t(f give the density 
of eggs in the water sampled by our nets. 

It is well known that the pilchard is one of the most valuable fishes 
to the United States of America, both for canning purposes and for 
oil and fish meal manufacture. The Australian pilchard is very like 
the European pilchard, and should can well. There should also be a 
demand for its oil. At the present time, however, no pilchard fishing 
takes place oft* the coast of New South Wales or Victoria. Even the 
gear necessary for what might be a considerable industry is lacking. 

The results of this plankton investigation should supply some useful 
clues to the possible commercial exploitation of this fish species. 
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NOTES> 

Tick and Blowfly Problems.—Suggested Use of the Cattle Egret Bird 

(Babukus Coromandus), 

Some six months or so ago a little attention was given throughout 
the press of Australia to suggestions that had been put forward that 
perhaps the cattle egret bird {Bdbulcus Coromandus) might be of some 
value, if imported into Australia, for it might serve as a means of 
controlling the cattle tick and perhaps the blowfly and buffalo-fly pests. 
Although the consensus of opinion of local authorities which the Council 
consulted was adverse in regard to the possibilities of the birds, 
nevertheless it seemed as well to obtain practical information from 
countries where the egret is plentiful. Accordingly, the advice of the 
Imperial Council of ^Vgricultural Research, Simla, India, was sought. 
Recently, a helpful reply from that Council has been received. It 
includes the following passages:— 

‘‘ . . . I am directed to say that inquiries made of the 

authorities mentioned therein have not elicited any information of 
value other than the note on Egrets published in the Memoirs of 
the D^artment of Agriculture in India Entomological Series, Vol. 
III. Cattle egrets (Bahulcus Coromandus) are quite common in 
the rice areas of Southern India, but not so common in the drier 
areas of the north. They, no doubt, consume large numbers of 
ticks, but, as a means of keeping this pest under control, they are 
quite ineffective. In certain most densely-wooded parts of Southern 
India, where conditions are not so favorable for the egret, cattle 
are liable to be infested with ticks in extremely large numbers, and 
it is possible that the lack of egrets may, to some extent, bo 
responsible for this. On the other hand, in Egypt and the Sudan, 
where similar tick birds are very common and must consume large 
numbers, ticks are a very common pest. Nowhere in fact, according 
to our observations, have these birds, in any way, obviated the 
necessity for artificial methods of control, such as dipping, if ticks 
are ever to be brought under satisfactory control, and it seems very 
unlikely that the egret would have any marked effect on tick or fly 
infestation in Australia, particularly in the drier areas. 

I am to add that no opinion can be expressed as to the likelihood 
of the egrets changing their feeding habits in a new environment.^^ 


Requests for Publications by Predecessors of the Council. 

The response to the request in the previous issue for copies of 
the publications of the two predecessors of the Council, namely, the 
Advisory Council of Science and Industry and the Institute of Science 
and Industry, has already been quite helpful, and the Council is duly 
appreciative. However, use could be made of additional copies for 
which the present owners have no further use. The numbers in question 
are Bulletins Nos. 1 to 9 inclusive, 14, 18, 20, 21, and 26. 

C. 7686. -4 
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The P. D. McMaster Animal Health Laboratory—Field Area at 
“ Hinchinbrook.” 

A brief description of the F. D. McMaster Animal Health Laboratory, 
and of Mr. F. 1). McMaster’s gift of £20,000 to cover the cost of erection 
and equipment of the laboratory, has been given in previous issues 
(Vol. 2, p. 193, and Vol. 4, p. 201). Mr. McMaster lias recently added 
10 liis gift by assisting in providing the laboratory with u small area on 
a property he is renting at Hinchinbrook,’’ near Sydney. 

Some time after the erection of the main laboratory, the need was 
felt for accommodating a larger number of animals than was possible 
at the laboratory itself. It also became evident that facilities for keeping 
sheep under natural grazing conditions would be helpful. 

Accordingly, numerous properties were insp(*(*ted in the County of 
Cumberland, and finally one which ap])eared suitable in every way was 
selected, this being Ilinchinbrook,’^ comprising 2,000 acres, situated 
about 22 miles from the University, and lying to the south, on the Old 
Cowpasture-road, not very far from Liverpool. Difficulty, however, Avas 
experienced in leasing that portion which was suitable, and for which 
the necessary finance could be arrang(‘d. On learning of this difficulty, 
Mr. McMaster offered to inspect the property witli the intention of 
leasing the Avhole of it, if he approved of it as a pastoral property, and 
then making available to the Council such ])ortion as the latter required. 
This was subsequently arrang(*d, Mr. McMaster taking ov(*r tJie l(*asehold 
of the property for three years from October, 1932. He most 
considerately allowed the Council to select the portion of the property 
most suitable for its purpose. Accordingly, an area of 300 acres was 
handed ov(‘r and subsequently divided into small experimental paddocks. 
Of these there are six experimental paddocks of 15 acres each, two of 
30 acres each, and two more extensive paddocks are also available for 
running larger groups of sheep. The section of the property selected 
for the Coiincirs work is bounded by the Metropolitan Water Board^s 
race, from which Avater is now siphoned to troughing in each paddock. 

The necessary fencing, provision -of water troughing and other 
material, &c., have been completed, and experimental work has been in 
progress for the last six months. Oa’^ci- 400 sheep, of which number 
incidentally more than 300 have been donated by pastoralists, including 
Mr. McMaster, Mr. E. D. Ogilvie, Mr. J. Busby, and the Camden Park 
Estate, are being dejiastured on the experimental paddocks. A tAVO- 
roomed field laboratory has been erected in close proximity to the 
experimental paddocks, and in this erection the necessary equipment 
for carrying out routine pathological and parasitological examinations 
if* installed. 

Under the arrangement with Mr. McMaster, half the cost of the 
Avages of a resident overseer are borne by him and half by the Council. 
The latter also meets a proportionate cost of the rent. 

Experiments now in progress at ‘‘ Ilinchinbrook include the 
following:— 

(i) The determination of the effects of light, medium, and heavy 
parasitological infestation on young lambs, in relation to wool growth 
and mutton production. Indications have been obtained in other 
experimental work that, unless parasitic infestation reaches a fairly 
high degree of severity, no appreciable deleterious effects on the sheep 
are experienced. 
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(ii) In connexion with investigations on caseous lymphadenitis, 100 
ewes suffering from the disease will lamb on Ilinchinbrook,” and, 
with their progeny, will be depastured there for two years. The lambs 
will not enter the shearing-shed, and will be tailed, marked, and shorn 
at grass, so that the influence of indirect infection through contamination 
of shearing-sheds as against infection through other agencies will be 
chocked and determined. 

(iii) One hundred Merino ewes are being maintained at Hinchin- 
brook/’ so that the main laboratory will have a supply of parasite-free 
lambs at all times. (The ewes, immediately on lambing, are brought to 
I he laboratory, and maintained with their lambs under conditions which 
eliminate the possibility of the latter becoming infested with parasites.) 

(iv) A small ])rogramnie of cross-breeding experiments is in progress 
to determine the manner of inheritance of wool and mutton characters 
in sheep. For this purpose, 100 Merino ewes of the original (.^amden 
Park stock have been crossed with Border-Leicester rams, the latter 
being generously given to the laboratory by Mr. L. A, Hamilton, of 
Rylstone. The progeny will be classed, and a detailed analysis made of 
their wool and mutton characters, and the ewe progeny will be 
subsequently back-crossed to the Border-Leicester sires. 


Bunchy-Top of Bananas. 

The recent recrudescence of outbreaks of bunchy-top of bananas in 
various Australian banana-growing districts may serve as an occasion 
on which to correct the erroneous impression, extant in some quarters, 
that the scientific investigations on which the present system of control 
of bunchy-top is based were the sole responsibility of the Council for 
Scientific and Industrial Research and of its predecessor, the Institute 
of Science and Industry. 

Actually, those investigations Avere carried out at the joint expense 
of the Governments of the Commonwealth, of FTew South Wales, and 
of (Queensland, each party contributing on a 1:1:1 basis. The work 
;tself Avas controlled by a body knoAvn as the Bunchy-top Control Board, 
wliich consisted of representatives of the contributing GoA^ernments. 
The main result Avas to demonstrate that bunchy-top is a virus disease 
carried by an insect A^ctor—an aphis. 

The scientific personnel aA’ailable to the aboA^’e Board included 
Professor Goddard, of the UniA’^ersity of Queensland, as supervisor; 
Mr. C. J. P. Magee, B.Sc,Agi\, for pathological problems; and Mr. 
II. Collard for horticultural work. At the time of the initiation of the 
investigations, Mr. Magee Avas an officer of the Hew South Wales 
Department of Agriculture, but his services were made available to the 
Board by that Department. 

The report of the investigations was published under Mr. Magee’s 
name as Bulletin 30 of the Council for Scientific and Industrial 
Research. Mr. Magee himself, however, has long since returned to the 
service of the Hew South Wales Department of Agriculture. 
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Investigations on Apple Thrips. 

The occurrence of widespread thrips infestations over the southern 
areas of Australia has been recorded at intervals during the past 25 
years; the most recent infestation occurred in the spring of 1931. 

These infestations are associated with a marked reduction in the 
apple crop in the years concemed and with State-wide fluctuations in 
yields from orchards. 

During 1930-31 Mr. J. W. Evans, an officer of the Division of 
Economic Entomology of the Council, began to investigate the thrips 
problem. (See this Jowrnal, November, 1930, p. 239.) A large part 
of this work was carried out at the Waite Institute, and an account of 
Mr. Evanses observations was published in 1932 (Pamphlet No. 30, 
Council for Scientific and Industrial Research). 

The Thrips Investigation League, which was formed in 1932 by 
growers, merchants, and others interested in the fruit industry, offered 
to contribute £1,200 a year for three years towards the cost of a more 
extensive investigation of the problem. Therefore, the reseal’ch 
programme has been considerably extended as a co-operative enterprise 
between the Council, the Waite Agricultural Research Institute of the 
University of Adelaide, certain of the State Departments of Agri¬ 
culture, and the Thrips Investigation League. 

The prograname consists of an investigation of Thrips imaginis and 
associated species of blossom and flower thrips, particularly with 
reference to their economic importance in relation to the apple-growing 
industry. The investigation is under the direction of Dr. J. Davidson, 
head of the Department of Entomology at the Waite Institute. 

Certain aspects of the work are being developed at the Waito 
Institute, and Mr. Evans has been attached to the Entomology 
Department in this connexion, Mr. W, H. Wheeler has been appointed 
as chemist to assist with the insecticides aspect of the investigations. 

Other aspects of the work are being developed in Victoria. Mr. II. 
G. Andrewartha has been ^pointed as entomologist in this connexion, 
and ho is assisted by Miss H. V. Steele, who has been working on thrips 
during the past year. Through the courtesy of the University of 
Melbourne, this unit will be accommodated at the School of Agriculture 
of the University. 

The Departments of Agriculture of South Australia and Victoria 
are co-operating in the field observations and experiments, and various 
growers in these States have offered certain facilities in these matters. 

When suitable progress has been made in the investigation, it is 
hoped to extend the work to Western Australia. It is desirable to 
concentrate on the work in South Australia and Victoria for the present, 
and the results obtained will have a general application to other States. 

It is proposed to publish certain results from time to time, which 
will serve to indicate the progress of the investigation. These results 
and the conclusions to be drawn from them, together with recommen¬ 
dations regarding control measures, will be published in the Bulletin 
series of the Council on the completion of the investigation. 
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Low Temperature Breakdown in Tasmanian Apples. 

{Contributed by W. M. Came, Division of Plant Industry*) 

The object of this note is to record the common and serious 
recurrence of low temperature breakdown in Tasmanian apples, a 
disorder not previously recorded from Australia (including Tasmania). 

On transferring to Tasmania in July, 1932, the writer made a 
survey of the wastage occurring in apples in Southern Tasmanian 
cool stores. By October, wastage was found to be serious and wide¬ 
spread, though fruit from certain orchards was much more affected 
than from others. Through the inspectors of the Department of Agri¬ 
culture, it was ascertained that similar wastage was occurring in cool 
stores in the northern part of the State not visited by the writer. From 
the same source it was ascertained that similar wastage occurred 
annually, but varied in different years, 1929 being the previous bad 
year. The varieties affected were mainly Scarlets, Sturmer, and 
French Crab, the former from about August, and the two latter from 
about October. 

On personal experience of low temperature breakdown in Bramley’s 
Seedling, seen in England in 1931, and from published data, the 
principal cause of wastage in Tasmania was tentatively diagnosed as 
being this disorder. Low-temperature breakdown is known to develop 
in certain varieties in Great Britain, New Zealand, and the United 
States of America when stored at temperatures below 38-40 deg. F. 
Apples vary in susceptibility according to soil and climatic conditions, 
size of fruit, &c., and when very susceptible are liable to break down 
at even 38 deg. 

As this disorder had not been previously recognized in Australia, 
steps were taken in 1933 to confirm the diagnosis. To this end, 
arrangements were made with the Department of Agriculture and the 
Huonville Co-operative Cool Store to provide suitable accommodation. 
The Department erected a small chamber in the cool store, the 
co-operative society providing the refrigeration. Fruit was obtained 
from several sources, and particularly from those orchards which had 
a poor reputation for the storage properties of their fruit. Certain 
varieties were also obtained from orchards giving fruit of good storage 
reputation. The following varieties were stored:—Cox’s Orange Pippin, 
Jonathan, Cleopatra, French Crab, Sturmer, Scarlet, Delicious, and 
Democrat. In each instance, the fruit was divided between two chambers 
as under:— 

I ■■■" ! 

Chaml>er. Commercial Special. 


Cooling system 

Temperature at 6 foot from floor 
Humidity .. 


Cold air 
31 °- 34 ° 
92-99 % 


Overhead grids 
38 °- 40 * 

90-98 % 


The storage tests will be completed about November. So far, it has 
been shown that low temperature is definitely associated with breakdown 
in Cox’s Orange Pippin and Jonathan. In the former, the symptoms 
were typical of those recorded in this variety by the Cambridge Low 



218 


Temperature Research Station in England and by the Oawthron 
Institute in New Zealand. The incidence of breakdown after less than 
ten weeks’ cool storage varied from about double to over 30 times as 
much at the lower as at the higher temperature, according to the tree 
from which the fruit was taken. The breakdown in this vari ety is of 
the soggy type, and agrees with that recorded for Grimes and Wealthy 
apples in Iowa, U.S.A., by Plagge and Maney (Iowa Agric. Expt. Sta., 
Res. Bull. 115, 1928). In Jonathan breakdown developed in less than 
ten weeks’ cool storage, as in Cox’s Orange Pippin, but was of a mealy 
type. In the only line (two pickings) of this variety used, the wastage 
at the lower temperature was approximately twice that at the higher. 

The following types of breakdown associated with storage at low 
temperatures have been noted to date:— 

Soggy Type ,—Sturmer and French Crab. Severe in 1932 in all 
cool stores in State. Cox’s Orange Pippin in 1933. 

Mealy Type ,—Scarlets in 1932. Jonathan in 1933. This form in 
Jonathan and Scarlets has caused serious complaints on the 
Sydney markets in 1933. There are indications that ev^n 
ordinary storage on the orchards in Tasmania is at too low a 
temperature for susceptible fruit. 

Core Flush .—Scarlet 1932. 


Standard Methods for the Chemical Analysis of Butter. 

Some time ago, the Dairy Research Committee of the Empire 
Marketing Board appointed a sub-committee to prepare suggested 
uniform methods for the chemical analysis of, and reports on, dairy 
products. It was felt by the Committee that a useful purpose would be 
served if such methods were prepared by a central body and circulated 
to dairy research workers throughout the Empire in the hope that, if 
^hey find general acceptance, they might be adopted as standard methods. 
By such action, co-operative work between dairy experts in different 
parts of the Empire might be made of greater scientific value, since 
greater uniformity of results might be expected to follow the use of a 
common technique. 

The sub-committee has recently completed the preparation of 
standard methods for the chemical analysis of, and reports on, butter. 
These have been approved by the Dairy Research Committee, and copies 
of them have been received from the Secretary of the Empire Marketing 
Board, with a request that they be circulated for the information of 
dairy research workers in Australia. The standard methods relate to 
—(a) sampling, (6) moisture, (c) curd and salt, (d) fat, (e) acidity, 
(f) casein, and (g) lactose. 

Copies of the standard methods have been sent to the Commonwealth 
Department of Commerce, the State Departments of Agriculture, and 
the Departments of Agriculture at the four Universities at which Chairs 
of Agriculture have been established (Sydney, Melbourne, Queensland, 
and Western Australia). Copies of them can also be obtained by dairy 
research workers in Australia on application to the Secretary, Council 
for Scientific and Industrial Research. 



219 


The Use of Electrical Moisture Meters for Determinins; the Moisture Contents 
of Veneer and Plywood Respectively—Preliminary Investigations. 

(Contributed by W» L. Oreenhill, B.E,, Division of Forest Products,) 

The Division of Forest Products has done much to popularize the 
use of the Blinker electrical moisture meter for determining the moisture 
content of timber. This instrument and its use are described fully in the 
Division's Trade Circular No. 9. It depends for its operation on the 
variation of the electrical resistance of timber with moisture content. 
The type of electrodes usually employed consists of two steel blades 
attached to the head of a special hammer, the blades being driven into 
the piece of timber which is to be tested. The use of these blades 
becomes impracticable when the specimen to be tested is less than about 
i inch in thickness, as the timber splits and satisfactory contacts between 
the timber and the blades cannot be obtained. Besides this, the marks 
made by the blades would be very undesirable in thin veneer material. 

With the object of investigating the possibility of extending the use 
of electrical moisture meters to include the testing of veneer stock, pre¬ 
liminary investigations were carried out on the use of plate electrodes 
with the veneer clamped between, and on the measurement of the elec¬ 
trical resistance across the timber in that way. This method can be 
successful only when testing very thin stock in which appreciable 
moisture gradients are absent. Measurements were made to investigate 
the effect on the electrical resistance of variations of the pressure 
between electrodes, area of electrodes, thickness of timber, and species 
of timber tested. 

The results indicate that:— 

(i) Provided the pressure between the electrodes is above a 

certain minimum, the resistance is practically independent 
of the pressure. The value of this minimum resistance 
varies from sample to sample, and apparently is that 
necessary to flatten out the veneer and secure proper con¬ 
tact. 

(ii) As would normally be expected, the resistance is propor¬ 

tional to the thickness of the veneer and inversely pro¬ 
portional to the area of the electrodes. 

(iii) The resistance varies with the species of timber. 

(iv) With veneer sheets of the usual range of thicknesses, the 

resistance between suitably proportioned plate electrodes 
is less than that between the blades of the ordinary 
Blinker hammer, the species and moisture content being 
the same in the two cases. It should be possible to 
extend the lower limit of the ordinary Blinker range of 
readings of moisture contents by 1 or 2 per cent. 

(v) The electrodes must be placed a reasonable distance in from 

the edge of the veneer sheet being tested, and checks in 
the sheet are likely to render the readings inaccurate. 

There appear to be no theoretical difficulties in the way of using the 
surface type of electrodes and calibrating an ordinary Blinker to give 
the moisture content of veneer sheets of any one thickness and species, 
from about 6 per cent, to about 20 per cent. The change of resistance 
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with moisture content is so rapid at the lower end of this range^ that 
if an instrument were calibrated on, say, 0.05 inches thick veneer, 
the effect of variations in the thickness of the veneer from 0.026 inches 
to 0.076 inches would be completely overshadowed. Thus, variations 
in thickness of veneers of this order would give rise to errors of not 
more than 0.6 per cent, in the moisture content determination, if the 
moisture content itself were 9 per cent, or less. 

A design of suitable equipment for carrying the electrodes for test¬ 
ing veneer sheets of commercial size has been developed. In this, the 
arms carrying the two electrodes extend out for 18 inches to 2 feet, so 
that tests can be made near the centre of ordinary sized veneer sheets. 
After the sheet is inserted between the electrodes, these are forced 
together by means of a spring, and the moisture content reading is 
made. A small hand lever is used for removing, the pressure of the 
si)ring. 

Tests have also been carried out to investigate the possibility of 
determining the moisture content of plywood, as distinct from plywood 
stock, by means of a Blinker, but the results are not promising. Casein 
glue is most commonly used in plywood construction, and, apparentfy 
owing to the varying constituents and amount of glue used, reliable 
moisture content indications cannot be obtained by electrical resistance 
methods. The resistance of the glued wood is considerably less than 
that of the wood alone, and the results obtained may give the moisture 
content from 2 to at least 7 per cent, above the actual value. No tests 
have been made with animal or vegetable glue, but it is probable that 
glues of either of these types would not affect the electrical resistance 
of the wood to the same extent as casein glue. 


Industrial Research and the Nation’s Balance-sheet ’’—Excerpts from an 
Address by Sir Frank E. Smith, K.C.B., D.Sc., Sec.R.S., &c. 

A few printed copies of the 8th Annual Norman Lockyer Lecture, 
which the Secretary of the British Department of Scientific and Indus¬ 
trial Research, Sir Frank E. Smith, delivered to The British Science 
Guild in November last, have recently become available in Australia. 
In emphasizing the importance of research, the speaker mentioned a 
number of interesting points. Some of these are quite familiar, 
but many others have not been the subject of much public attention 
in this country. A few extracts are given below:— 

The nation’s most valuable plant is in the form of buildings. 
It is difficult to give a precise figure for the value of buildings 
in this country, but as the rateable value was about 260 million 
pounds in 1931, a reasonable estimate of value is 4,600 million 
pounds. There is no doubt that science can help more in planning 
our buildings, and it can show the builder how to choose his materials 
and to build better than he does at present. The costs for wear 
and tear per annum cannot be less than 60 million pounds, and the 
obsolescence charges are enormous. Research can help reduce 
them and make our greatest material asset much more valuable 
and less costly to maintain.” 
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It is true that years ago we were prosperous without organized 
industrial research, but it is equally true that to-day we shall fail 
without it.” 

^^Eesearch has not only improved old products and replaced old 
types by new and more efficient ones, it has also produced new 
industries. The industries associated with artificial silk, syn¬ 
thetic nitrates, the motor car, wireless, the cinema, and the aero¬ 
plane were unknown 60 years ago. To-day they employ many 
millions of workers.” 

The electrical industry is older than that of the motor car. Its 
progress has been very rapid, and it is certain that its advance 
will continue. Yet we cannot see the entity which we pay for 
to light our homes and use for many other purposes. Why is it 
that progress has been so rapid and the future is so assured? 
I believe it to be due to the absolute necessity for those who con¬ 
trol the technical side of the electrical industry to be men of the 
highest intelligence. They know that their industry was born 
of science, lives with science, and without science would perish. 
Although the entity with which they deal cannot be seen, I believe 
more knowledge is available of the nature of this invisible entity 
than is available of the nature of many of the material things seen, 
handled, and sold in other industries. For example, coal. If 
only a big research effort to determine the nature of coal had been 
made 50 years ago the industry would not have been in the 
troublous straits it is in to-day,” 

Most people admit that it is good for the motor car to become 
better and its tires to be cheaper and have a longer life. It is 
also well for electrical supplies to become more general, more 
efficient, and less costly. It is even good for simple things like 
our pocket knives to be improved by research and become better 
and cheaper. But there are still many who believe that in the 
mundane things of life such as coal, cast iron, bricks, and blankets, 
finality has been reached, or nearly so. However, a survey of 
what has been done and of the knowledge available and not used 
makes it practically certain that there is no product of any kind 
which cannot be improved in quality and produced more cheaply 
by properly conducted research. There is no limit to knowledge, 
and there is no limit to technical progress. If a country had to 
choose between new knowledge and gold with which to fill its 
vaults, the wise choice would undoubtedly be new knowledge, for 
with it the gold can be obtained, whereas without it the gold will 
be lost. I believe it to be essential for our industries to avail 
themselves of existing knowledge and to conduct research on an 
adequate scale to acquire new knowledge.” 

It is impossible to enumerate here the many developments 
due to these laboratories. They comprise apparently small things, 
such as a grease having negligible vapour pressure in a vacuum, 
to bigger things like synthetic manures, non-creasing cotton fabrics, 
manganese steel, and silicon steel. The latter alloy alone is esti- 
mated to have saved the world over £60,000,000 by reducing the 
energy losses in electrical transformers.” . 
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“ Consider, for example, the photo-electric cell, which twenty 
years ago was a mere toy of the laboratory. To-day it is a vital 
link in the talking pictures; it is used as a burglar alarm; it 
operates in large stores to switch lights on or off with variation 
in daylight illumination; it groups electric lamps according to 
their candle-power; it arranges cigarettes in rows with the im¬ 
printed name uppermost; it selects cigars by the colour of the 
outside leaf; it controls the magnitude of electric currents, and it 
is used in television. What s\ cliange in the toy of twenty years 
ago!” 

It is a striking fact that to produce the same useful power 
seven times as much steam was required in 1888 as in 1930, and 
over 30 per cent, more in 1918 than in 1930. Finality has not 
yet been readied. At the time of his death Sir Charles Parsons 
was engaged in still further improving the efficiency of the steam 
turbine.” 

In this short address I liave attem])ted to press the claims of 
research not only in our industries, but also in the technicaJ 
affairs of the nation. Science is but attempting to use the 
materials of the earth to the best advantage; Kraerson^s statement 
that ^ Steam is no stronger now than it was a hundred years ago, 
but it is put to better use ’ is but an expression of what science 
is doing, putting to better use all the materials of the world 
around us. Progress in science is progress in civilization, but 
progress in control of production, in freedom of currencies, and like 
matters, is also essential if the world is to reap the optimum 
benefit.” 


Recent Publications of the Council. 

Since the last issue of this Journal the following Bulletins and 
Pamphlets of tlie Council have been published :— 

Bulleiijh No, 75 .—Nigrospora Mvsae n. sp. and its Connection with 
Squirter ” Disease in Bananas,” by Associate-Professor Ethel I. 
McLennan, D.Sc., Botany Department, University of Melbourne, and 
Shirley Hoette, M.Sc., Botany Department, University of Melbourne. 

The investigations discussed in this Bulletin were carried out by 
the Botany Department of the University of Melbourne quite inde¬ 
pendently of the C/Ouncil, and the latter is indebted to the Department 
and to the investigators concerned for the work done and for their kind 
acquiescence in the suggestion that their results might be published as 
one of the CounciPs Bulletins. The results of the work go to show 
that squirter ” in bananas is due to a fungus. Tlie writers have 
isolated the fungus, and identified it as a new species of Nigrospora, to 
which they have given the name N, Musae. The seasonal nature oV 
the disease has been associated with the temperature range of the 
fungus. It is during the winter and early spring that plantation and 
transport temperatures are favorable to the growth of the causal 
organism and render infection in the field and subsequent growth of the 
pathogen during rail transport both possible and probable. The local¬ 
ization of squirter ” to fruit ripened in the southern markets has 
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been correlated with the method of packing fruit in “ singles/’ a 
method until recently not adopted in Brisbane, where squirter ” was 
formerly practically unknown. Work on further aspects of the 
problem is in progress. 

Pamphlet No, 38.—The Occurrence of Anaplasma marginale 
Theilcr, 1910, in Northern Queensland,” by J. Legg, D.V.Sc. 

The work discussed in this Pamphlet forms a part of a programme 
of investigation which is being carried out at Townsville, Queensland, 
with the co-operation of the Empire Marketing Board, the Queensland 
department of Agriculture and Stock, cattle-owners of Queensland, and 
the Queensland Ooiincil of Agriculture. It represents a preliminary 
survey of the piroplasniic diseases affecting bovincs in Australia. The 
report shows that, in addition to the Avell-known Piropfasma higeminum, 
at least three other types of parasites aifecting the red blood coiqmscles 
of bovines, and resulting in red water,” occur in Australia, namely, 
Theileria mutans, Anaplasma inarginale, and a form of Ilahesli^lla. A 
considerable amount of attention is given to Anaplasma m^arginale, 
which leads to serious forms of the redwatt'r disease. The previously 
unsuspected existence of A. marghiale is no doubt tlie explanation of 
th(^ rather num(‘rous unsatisfactory results that have followed jiractical 
operations of iininunization against red water in the past. 

Pamphlet No. 39.—The Grasslands of Australia and Some of 
Their Problems. A Report upon the Dairy Pastures,” by William 
Davies, M.Sc., Empire Grassland Investigator, Welsh Plant Breeding 
Station, University College of Wales, Aberystwyth.” This publication 
consists of a report which Mr. Davies made to the Australian Dairy 
Council subsequent to the twelve months or so which he recently spent 
in Australia, the visit itself being financed by the Emjiire Marketing 
Board and the Australian Dairy Council. The different varieties of 
Australian pasture grasses of importance are discussed at some length, 
and, in all cases, stress is laid on the importance of strain. A discussion 
of soil fertility in relation to pasture management is included, and it is 
IDointed out that the objective of manuring is to maintain uniform 
botanical composition of a good pasture once established and not to 
promote violent floristic changes, which is too often the case in practice. 
Several important points regarding the management of grasslands are 
mentioned, and due emphasis laid on the conservation of fodder and the 
use of the mower as a grassland implement. Suggested ways in W'hich 
research and demonstration plots in the various States of the Common¬ 
wealth might be laid down and organized are given. 

Pamphlet No. 40.—^‘A Guide to the Seasoning of Australian 
Timbers—Part 1,” by C. Sibley Elliott, B.Sc., Division of Forest 
Products. 

As a result of the constantly increasing interest being given in 
Australia to kiln-seasoning, the Division of Forest Products receives 
so many requests for drying-schedules for specific Australian timbers 
that it has been decided to publish, in a collected form, such informa¬ 
tion in this regard as is available. That action has been taken in 
the Council’s Pamphlet No. 40. The publication discusses the season¬ 
ing of seventeen timbers, including two exotic timbers grown in Aus¬ 
tralia, namely, insignis or Monterey pine and willow. 
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Pamphlet No. 41.—The Grading of Western Australian Timbers. 
Report on, and suggested Specifications for, the Grading of Jarrah and 
Karri, based on Investigations in 1932,” by F. Gregson, B.E., and 
R. F. Turnbull, B.E. 

This publication covers a co-operative field study extending over 
the latter haK of i932 on the grading of jarrah and karri with a view 
to the preparation of suitable grading rules to cover the supply of 
major products in these timbers. Recommended grading rules and 
specifications are given for all sizes of jarrah ordinary building 
and construction timber, jarrah flooring, jarrah and karri mine lift 
guides, karri cross-arms and jarrah paving blocks. Field studies on 
the relation of cutting sizes to nominal sizes and variation in sawing 
are also dealt with, and tentative recommendations are made showing 
what are considered to be reasonable allowable variations in sawing. 

Pamphlet No. 42.—^^Meteorological Data for Various Localities in 
Australia ” (in co-operation with the Commonwealth Meteorological 
Bureau). 

For some time past, scientific investigators throughout Australia 
liave made extensive use of the meteorological data collected by the 
Commonwealth Meteorological Bureau of the Commonwealth Depart¬ 
ment of the Interior. Such data have been of value in a number of 
directions, and especially in connexion with researches concerning 
many different subjects in the fields of soils, entomology, plant industry, 
animal health, &c. In co-oj)eration with the Bureau, this Pamphlet 
has accordingly b(‘en issued. It gives details of the normal mean maxi¬ 
mum temperatures, the normal mean minimum temperatures, the normal 
mean relative humidities, and the average rainfalls in points for some 
380 odd selected meteorological stations throughout the Common¬ 
wealth. The subject-matter of the publication has been arranged in 
ineteorological divisions, and the stations for which data are given 
have been selected from the point of view of their being as represen¬ 
tative as possible. 


Forthcoming Publications of the Council. 

At the present time, the following future publications of the Council 
are in the press: — 

Bulletin No. 74.—Observations on Soil Moisture and Water Tables 
in an Irrigated Soil at Griffith, New South Wales,” by E. S. West, 
B.Sc. (Adel.), M.S. (Calif.). 

Bulletin No. .—A Soil Survey of the Hundreds of Laffer and 
Willalooka, South Australia, Report of the Division of Soils.” 
Edited by J. K. Taylor, B.A., M.Sc. 

Pamphlet No. 43.—^^Investigations on the Buffalo Fly, Lyperosia 
exigua de Meij.,” by G. L. Windred, B.Sc. Agr. (and "in part by" 
Dr. B. J. Krijgsman). 


Owi. S^%U^Sl2iimrn§. 
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Citricultural Research. 

Investigations at the Gimmonwealth Research 
Station, Griffith. 

By E. S. West, B.Sc. (Adel). M.S. (Calif.) 

I. Introduction. 

The (^oniiiioHwealth Rewareh Station, Griffith, was established in 
1924 on an ar«a of 57 acres situated in a central position 3 miles 
from the town of Griffith, and made available by the Water Conserva¬ 
tion and Irrigation Commission of New South Wales, which initiated 
the movement for the establishment of the Station, and which has, since 
its inception, contributed towards its upkeep. The Commission is kept 
in touch with the work through a liaison officer. In addition to the Com¬ 
mission, the local settlers at Griffith have also helped in the work in 
various Avays, in the early days through a body they had set up and 
known as tlie Murrumbidgee Irrigation Areas Research Bureau, and 
lately through a local Advisory Committee. 

The Station is surrounded by some 829 fruit-growers who have 
between them some 4,830 acres planted to citrus. In addition, many 
of the results of the Station wdll naturally be applied to other citrus- 
producing areas of the Commonwealth. 

An account of the early work of the Station was given some years 
ago (see this JovrnaJ, 1: 95 and 353). Since that lime, further progress 
has been made in various directions, the more important of which are 
indicated in the paragraphs that follow'. 

2. Present Organization of Station. 

Equipment .—From time to time in the past few years, small addi¬ 
tions have Wn made to the buildings and equipment of the Station. 
The most important of these has been a small chemical laboratory where 
the necessary analyses of soils, &c., can be carried out. Of late, the 
Station has also served as the headquarters of an officer of the Divisi<m 
of Soils who has b^n making soil surveys in the Areas. 
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The following buildings now exist on the Station:—A chemical 
laboratory, equipped for soil chemistry and consisting of five rooms, a 
^tore-room, and a dark-room; a small detached iron building, consisting 
nf a soil storage and preparation room and a still room; three residences 
for members of the staff; an implement shed and workshop; stables; an 
old weatherboard building of four small rooms used as a store-house; 
and a large spray irrigation plant. The laboratory and cottages are 
iitted with electricity, water supply, and sewerage services. 

Ortain meteorological observations have been taken at the Station 
since its inception, but in 1931 it became the Commonwealth Meteoro¬ 
logical Bureau’s official recording station for the Griffith district. 


Arrangemo^t of Planted Area. —The area of the Station amounts 
to nearly 60 acres (of which 50 are irrigable). The area is divided 
up into fields as per the plan in Fig. 1. Of the area available, about 

30 acres have been planted to citrus, 10 acres to lucerne, and another 

field of 10 acres has been partly utilized for experiments in tick bean 
^^eod production. 

Staff.—The present staff of the Station is as follows:— 
Officer-iii-Charge . . Mr. E. S. West, ^B.Sc. (Adel.) 

M.S. (Calif.) 

Field Kcscarch Officer .. Mr. E. K. Venuefather, B.Agr.Se. 


Chemist 

Orchard Superintendent. . 
Farm Foreman 


(Melb.) 

Mr. A. Howard, M.Sc. (Melb.) 
Mr. B. II. Martin, Dip. Hawk. Coll. 
Mr. T. J. Masters. 


Clerical Assistant .. Miss E. Beck. 


Liaison Officer (C.S.T.K. Mr. F. K. Watson, M.A., B.Sc.Agr., 
and W.C.I.(\) B.Sc. (Eng.), A.M.I.C.E. (London), 

A.M.l.E. (Aust.). 


3. Present Investigations. 

Ill the spring of 1924, the three original fields were planted, namely, 
(i) a soil treatment field, (ii) a green manure experiment field, and 
(iii) a fertilizer field. These were designed to answer the cultural 
questions that appeared most urgent at the time, but the work of the 
Station has since developed in other directions as well. All the trees 
in these fields were raised from selected buds of Washington Navel 
parent trees and Late Valencia parent trees. Experience has shown 
that the choice of buds was very satisfactory, as fruit from the different 
tre(*s is of a uniformly good quality and size. 

Soil I'reatrnent Field. —^At the time of tlie establishment of the 
Station, great difficulty existed in the management of the heavy 
retentive soils which made up a considerable portion of the Murrain^ 
bidgee Irrigation Areas. During* wet winters, and particularly that of 
1923, trees died through water-logging of the soil, cultivation of the 
soil seemed to be difficult, and it was considered that the impervious 
nature of the clay band which underlay the surface soil prevented the 
proper penetration of the roots of orchard trees and also the penetration 
uf irrigation water. Successful management of such soils, therefore, 
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seemed to be the most pressing necessity of the moment, so that plots 
were laid out in this field to test the possibility of overcoming these 
difficulties by the use of tile drains, deep ploughing, subsoiling, and by 
applications of lime and of gypsum. 



Fig. 1.-—Flan of the Commonwealth Research Station, Griffith, N.S.W. 


The work of the Station and of the Irrigation Commission goes to 
show that these troubles can be controlled by simple and less expensive 
methods. Thus a high water table can be easily low^ered by growing 
deep-rooted green crops between the citrus trees. Then again it has 
been found that by improved methods of irrigation, water-logging can 
be prevented, so that the problems associated with these heavy retentive 
soils have largely been overcome. 

Green Manvrc Field ,—-Five green manure treatments were originally 
selected, namely:— 

(1) Summer green manure crop (cowpeas). 

(2) Winter green manure crop (tick beans). 

(3) Biennial green manure crop (Bokhara clover). 

(4) Perennial green crop (lucerne) . 

(5) Continuous clean culture as a control. 

Results have now been obtained over a sufficient number of years on 
which to base reliable conclusions. Very early during the growth of 
the trees, it was noted that those on the winter green manure plots were 
making better headway than the others. Later, it was noted that 













trees in ‘the summer growing crop plots, viz., cowpeas and lucerne, were 
growing more slowly than those on the clean cultivated plots. Using 
the diameter of the butts of the trees as an index to size, it has been 
found that the trees on the winter green manure crop plots are larger 
than those on any other plots, and the yield is about 30 per cent, more 
than on the coirtinuously clean cultivated plots. The yield and size of 
the trees on the co^eas plots are below those on the continuously clean 
cultivated plots, while the yield and size of the trees on the lucerne plots 
are the lowest of all, being only 66 per cent, of the clean cultivated 
plots, or half that of the tick bean plots. Evidently, the competition 
between the summer growing green crops and the trees for water and 
perhaps minerals is so great as to more than offset the advantages of 
the added organic matter. In fact, although every endeavour is made 
to keep these plots properly supplied with water during the summer 
time, which necessitates the use of three or four times the quantity of 
water applied to the other plots, the soil of the plots cannot be main¬ 
tained in the best moisture condition. 

The seed for suitable leguminous crops is expensive, and the question 
arises as to whether it would not be cheaper to grow a crop such rfs 
barley and make up the difference in nitrogen by adding an artificial 
fertilizer. However, as a reasonably good crop of tick beans returns 
an amount of nitrogen to the soil over and above that of a reasonably 
good crop of barley equivalent to a dressing of 7 cwt. of sulphate of 
ammonia, it is considered that the leguminous crop is a cheap form of 
nitrogenous manure, without considering the organic* matter. 

The nitrogen question is an import#iit one, particularly with citrus 
that is affected so much when nitrates are deficient. It is recognized 
that the decay of organic matter low in nitrogen leads to a temporary 
loss of soil nitrates, whereas the decay of nitrogen-rich organic matter 
])robably leads to a quick formation of nitrates. The nitrate content 
in both the tick bean plots and the clean cultivated plots is therefore 
being followed week by week. The investigation has just begun, but 
promises to yield interesting information.' It is hoped to extend the 
work to include the cowpeas plots later, as on these plots the legume is 
growing and the green stuff decaying at different seasons of the year 
from those of the tick beans. 

After several years of persistent growth and turning under of green 
manures, it is now observed that the structure of the soil has been 
definitely changed. A different type of cracking occurs on the green 
manure crops from the clean cultivated crops, but what is of more 
practical importance, it is being found to be increasingly difficult to 
get sufficient water to soak into the clean cultivated plots at irrigations, 
whereas the green manure plots still absorb water quite readily. It 
is a very common observation that, after the soil has been cultivated 
and irrigated for several years, the structure deteriorates, e.g., soil that 
once appeared loose and open becomes stiff and compact. Evidently, 
the annual growth and turning under of green manure is a remedy oiv 
preventative, and for this reason alone the use of green manure ia 
desirable. 

Since 1928, when the value of tick beans as a winter green manure 
was first established by this experiment, the use of such beans throughout 
the Areas has doubled itself in every succeeding year, so that now it is 
rapidly becoming a standard practice of the district. 
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The Station is at present giving some attention to other winU*r 
legumes, for example, Berseem clover, lupins, tares and tick beans, 
tares and barley, field peas and tick beans, and field peas and barley, to 
ascertain whether tick beans alone can be improved on. Trials are 
also being made in regard to the question of growing tick beans locally 
for seed in order that the existing cost of seed to frowers may be 
reduced. 

Mineral Fertilizers, —The original mineral fertilizer field was estab¬ 
lished to ascertain the relative values of the following treatments:— 

1. Nitrogen, phosphoric acid, and potash. 

2. Nitrogen and potash. 

3. Nitrogen and phosphoric acid. 

4. Phosphoric acid and potash. 

5. Nitrogen. 

6. Potash. 

7. Phosphoric acid. 

8. No fertilizer. 

Up to date, no significant ditferenees in the size or yield of the trees 
are noticeable. This is rather surprising, in view of the very early 
])enefit found from green manuring. Evidently, the organic matter 
added to the soil is important to the plant, apart altogether from the 
nitrogen. 

It has been noted that the trees on all the plots receiving supi'i*- 
phosphate develop a mottling, regardless of uh(*ther or not nitrogen or 
potash is added as well. 

Experiments carried out on older groves have shown that citrus trees 
respond to heavy dressings of nitrogenous fertilizers, and these experi¬ 
ments have led to the extensive use of sulphate of ammonia on mature 
trees throughout the Areas. 

Bud Selection, —Judging from the results that have been obtained 
with the selected trees of the Station, there is reason to believe th.at 
much of the trouble often met with in young Navel oranges is due to 
inferior types. Many of these types are characterized by large coarse- 
skinned fruit, which characteristic is greatly intensified when the tree 
is young or is making great vegetative growth. The true Washington 
Navel type also shows this tendency but to a much less extent, so that 
the fruit is not very coarse even when the tree is young. 

Phosphatic FeriUlzer Experinieni with Lucerne, —Tn the autumn, 
of the year J926, an experiment concerning the phosphatic manuring^ 
of lucerne was commenced. Plots receive annual dressings of 1 cwt., 
2 cwt., and 4 cwt. of superphosphate per annum. There are also plots 
in which 1 ton of rock phosphate per acre was applied as an ijiitial 
dressing only. The yields, while increasing wuth the amount of super¬ 
phosphate, have also shown that dressings heavier than 4 cwt. would 
still be profitable. Unfertilized lucerne proved almost a failure, and 
the stand practically died out in two years. After six years, the stand 
of lucerne in the 1 cwt. plots still exists, but it cannot be said to be a 
good one. The stands in the 2 cwt. and 4 cwt. plots are good, but tho 
lattc^r yields about 7 tons of hay compared with 4 tons from the 2 cwt. 
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The behaviour of the rock phosphate plot has been interesting. The 
first year the yield was equal to that of the 1 cwt. superphosphate 
dressing, the second year it was better than the 1 cwt. dressing, and 
since then has been practically equal to the 2 cwt. superphosphate 
dressing. 

Ripening of Oranges ,—By deterniiniiig the acid content of the juice 
and noting the colour of the rind of the oranges from the differently 
treated plots, some idea of the effect of different treatments on the 
ripening of the fruit is being obtained. 

During the 1932 season, it was found that, in the green manure field, 
trees on the tick bean plots and clean cultivated plots coloured earlier 
and contained less acid than the trees on the Bokhara clover plots and 
lucerne plots; that is the larger and more vigorous the trees the earlier 
they coloured and lost their acidity. 

Ilesults obtained during the present season have confirmed this; in 
fact, the differences liave been more striking, but as the season has a 
great effect on ripening, it is possible that it may be found that thesy 
effects are either intensified or otherwise in subsequent seasons. 

Soil Moisture Investigations ,—Whilst crop control of excess water 
and salt can prevent much damage, especially in certain badly situated 
areas, it early became evident that most of the trouble could be prevented 
at its chief source, viz., the actual application of irrigation water. In 
the early days of the Areas, scarcely any data were available for guid¬ 
ance, and excessive waterings were generally the rule. Accordingly, 
the Station has given considerable attention to the fundamental problems 
of the relationships between soil and moisture, and to such soil constants 
as the wilting coeflBcient/’ sticky point,’’ and field capacity.” This 
work is facilitated by test wells (2 in. auger holes 11 ft. deep protected 
with casings of perforated down pipe) that are distributed throughout 
the various fields, and by means of a self-recording test well installed in 
a column of soil 1 metre in diameter and 6 metres deep isolated in situ 
and enclosed in an impervious jacket. The water table in the soil 
column is controlled by adding rain water to the surface of the soil in 
amounts and at times that circumstances indicate. 

It has been found that the water table in soils is very sensitive to 
changes in atmospheric pressure and in soil temperature. Thus a lower¬ 
ing in the atmospheric pressure causes a rise of the water table as does 
an increase in the soil temperature. It is due to the first-mentioned of 
these effects that the increased flow of springs and seepages (luring the 
passage of cyclones is dm*. 

In field studies involving the evaluation of the moisture content of 
the soil, a great difficulty is the large sampling error involved owing 
to the big variation in the physical texture in soils, which may, never- 
.theless, appear quite uniform. The use of the sticky point” has been 
developed to correct for the error due to the variation in soil texture. 
The sticky-point is that moisture content of the soil at which the plastic 
mass just fails to adhere to external objects, and can be easily deter¬ 
mined with sufficient accuracy. It has been found that with Griffith 
soils, the sticky point closely approximates the field capacity,” or 
that quantity of water that remains in the soil in the field after water 
has been added and approximate equilibrium conditions have been 
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Attained. By subtracting the actual moisture content from the sticky 
point, we find the amount of moisture that must be added to the soil 
to again bring it to the field capacity, regardless of the texture of the 
soil. By this procedure, the precision of field moisture determinations 
is greatly increased. 

The work at Griffith relating to the soil and its moisture content, 
results of which have been published as the Council’s Bulletin 74, 
together with the intensive work carried out by the Irrigation Commis¬ 
sion on the question of seepage and waterlogging, has had a very great 
influence on the irrigation practices of the Murrumbidgee Irrigation 
Areas. It is now generally recognized that care is necessary in hand¬ 
ling water if the soils are not to be damaged, and very great advances 
are noticeable in the general irrigation methods and outlook of the 
local settlers. 

Irrigation Methods .—The methods of applying irrigation water to 
the soil by means of flooding in various ways and by overhead sprays 
have been investigated for some time. 

Amongst the surface methods, that depending on the application of 
water by allowing it to flow down furrows is perhaps the cheapest and 
easiest, but, in some types of soils, difficulties arise owing to excessive 
soaking at the top end of the furrow and to unequal Avetting of the soil 
in the furrows and betwo<ni the furrows. By increasing the number of 
furrows till they form a series of ridges and hollows from tree to tree, 
by suitably limiting their length, and by other modifications, these 
objections can be largely overcome. This work, however, necessitatcis 
the development of implements than can draw furrows under the foliage 
of trees. In co-operation with manufacturing firms, an endeavour is 
being made to design equipment for this purpose. 

A second method of surface irrigation, namely, the border method, 
in which water flows down between low levees or borders, gives the 
required control over water, but it is difficult where the land slopes 
across the line of watering as well as down the line. For this reason 
it is not always applicable. 

In .the basin method, whereby the land is divided by levees* into 
small basins, absolute control over the water is possible. Here again, 
however, rather level land is necessary, and the labour and cost of 
forming the levees may be too high for local conditions. N’evertheless, 
the method is being investigated. 

The spray method of irrigation gives absolute control of the water 
applied under all circumstances, but the cost of its initial installation 
is rather high. Work aimed at the improvement of the existing 
apparatus, and the reduction of its initial cost, is in progress at the 
Station. The equipment under test was designed by a local grower, 
and is known as the Kook ” equipment after his name. 

The previous initial cost of the equipment has already been reduced, 
and has been brought within the range of commercial practice. As a 
matter of fact, at the present time eleven large scale growers have 
installed overhead spray equipment on their blocks. 

During the present (1933) winter, it is intended to investigate the 
effects of varying the lengths of laterals, spacings of perforations, size 



of perforations, and pressure of water, so that graphs may be draw'ii to 
obtain information enabling the most economical equipment for any 
particular farm to be designed. 

Other Investigaiiona ,—In addition to the foregoing work, the Station 
has a few other investigations in hand. 

The effect of a soil mulcli on moisture cons(»rvation and on soil 
temperature has been studied, and the results of this work have been 
published (see this Journal 3:97, 1980, and 5:280, 1982). 

The Station’s work on frosts carried out in association with the 
Irrigation Commission has demonstrated that the close proximity of 
malice scrub is conducive to frost formation; the results have also been 
published (this Journal 4; 173, 1931, and 6: 80, 1933). Methods of 
protecting young citrus trees from frosts have been investigated, and it 
has been found that wTapping the st<‘ms with newspapers and mounding 
up wdth soil is a useful protection. It is also of gr(*at importance to 
maintain a vigorous growth during the summer. 

On tile Murrumbidgee Irrigation Areas, the Valencia orange 
possesses the objectionable habit, well known in many varieties of fruit, 
of bearing alternate heavy and light crops. This Miot only causes 
serious marketing difficulties, but the quality of the fruit also suffers. 
Undoubtedly the same general principles an‘ at work here as in other 
fruit, such as the apple, but the details differ, as the period between 
fruit bud formation and setting in the orange is the matter of a few 
w’eeks only. It seems significant that the fruit of one seasons’ crop of 
Valencias is still on the tree when the next season’s crop is setting. The 
question is being investigated in co-operation with the Division of 
Plant Industry. 

Finally, the post-war expansion of the Australian citrus industry has 
entailed a greater amount of attention being given to marketing pro¬ 
blems, particularly those of the storage and transport of the fruit. The 
great bulk of Australia’s citrus exports arc derived from the Griffith 
district. The Station is, therefore, in a particularly favorable position 
to study many important features of the problems in question, particu¬ 
larly from the point of view of the effects of conditions in the groves. 
Coo! storage tests with Xavel oranges are now being carried out by 
the Station on behalf of the Citrus Preservation Committee. The 
necessary storage facilities have been made available by the Griffith 
Producers’ Co-operative Company Limited. 
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The Use of Carbon Dioxide in the Storage 
of Chilled Beef. 

By W. A. Empeg, B.V.Sc.* and J. R. Vtchry, M.Sc., Ph.D.\ 

The wurk deseribed in the article that follows forms part of the f>ro- 
gramme which is being carried out by the CounciTs Section of Food 
Preservation and Transport in co-operation with the Queensland Meat 
Industry Board. The lines of that co-operation and some details regard¬ 
ing the programme itself, have been given in a previous issue (this Journal 
5: 133, 1032). Briefiy, the Meat Industry Board has provided the build¬ 
ings and equipment for the Section’s laboratory at the Brisbane Abattoir, 
Cannon Hill, Brisbane, while the Council is supplying and maintaining 
the necessary research workcis.—Kn. 

Summary, 

Under the conditions in which the experiments were carried out, attack on the 
moihter superficial tissues by bacteria—mainly various strains of Aehi'omo- 
ha/ter —has been the chief cause ot wastage in chilled beef stored for pro¬ 
longed periods. Detciioiation (aimed by the growth of moulds has been relatively 
insignificant, due mainly to the fact that moulds have constituted an extremely 
small percentage of the initial contamination. 

2. The duration of safe storage, both in carbon dioxide and in air, was largely 
determined by the numliers of bacteria acquired by the beef during dressing and 
initial chilling and capable of relatively rapid proliferation at a temperature of 
—rc. (30.2’F.). 

3. The extent to whicli small concentrations of carbon dioxide, of the order 
of 10 to 12 per cent,, in the storage environment restricted the rate of growth 
of AcinMdohacter determined the length of storage possible without appreciable 
deterioration occurring in the lieef, and this period was approximately 40 per 
cent, greater than that possible under similar conditions of storage in air. 

4. Beef obtained from meat works in which Achromohacter constitutes the 
'main type of initial infection, may safely lie held in the chilled condition for u 

period of 53 days (approximately eiiuivalent to a period of transport of 45 days), 
provided that strict hygenic conditions are maintained during slaughter, dressing, 
and chilling, in order to eimure an extremely low bacterial infection, and provide 
also that concentrations of carbon dioxide, of the order of 12 per cent., be 
employed in the storage environment. 


I. Introduction. 

For countries regularly engaged in a chilled beef trade with Great 
Britain, the duration of the voyage seldom exceeds 25 days, but the 
corresponding time from Queensland, which contributes rather more 
than ^6 per cent, of Australia’s exports of quarters of beef, at present 
exceeds 50 days. Since about five 4ays for the preparation of the beef 
in the meat works, and about three days for its marketing, must be 
added to this period, the average duration of holding of chilled beef 
exported from Queensland is likely to be of the order of 60 days. Only 
a small margin of safety exists in the export of chillqd beef from coun¬ 
tries nearer to Great Britain. It therefore seems fairly certain that, in 

• An off cer (Viuiu ITs Section of Food Crtservatlon and Tranprort 
t Ofnccr-ln-Char«e, Section of Food Prrscrvatlon and Transport. 
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order to secure reasonable freedom from wastage, a somewhat different 
technique from that used by Australia’s competitors must be employed 
in the export of chilled beef from the northern States of Australia. 

Investigations carried out in Great Britain, Germany, and the 
United States of America, and confirmed in this laboratory, have shown 
that deterioration of beef during storage at temperatures close to the 
freezing point of the meat, —l‘’C. (30.2** F.), is due almost wholly to the 
proliferation of certain species of bacteria and moulds on the superficial 
tissues of the quarters. The extent of deterioration during storage 
therefore depends both on the degree of contamination of the beef by 
low-temperature type bacteria and moulds* during slaughter, dressing, 
handling, chilling, and storage, and on their rates of proliferation during 
chilling and storage. As investigations on the first factor, discussed 
ill detail in subsequent sections of this communication, have shown that 
the adoption of simple precautions will reduce, but not wholly eliminate, 
the initial microbial contamination, adequate control of the rates of 
proliferation of the low temperature type ” species during chilling 
and storage is therefore essential. 

Brown(2) showed that relatively high (‘oncontrations of carbon 
dioxide in the air of the storage environment gave complete inhibition 
of the growth of many species of moulds, and Killiffer(Y) found that 
the duration of storage of many types of fresh meat products could be 
greatly prolonged by the use of i*elatively high concentrations of carbon 
dioxide. The maintenance of high concentrations of this gas—say 50 
per cent.—in ship’s holds and other stores presents almost insuperable 
difficulties, and, therefore, detailed studies of the effects of relatively 
low concentrations on the growth of low temperature type ” moulds and 
bacteria have been carried out by many investigators working in the 
laboratories of the British Food Investigation Board (3, 4, 5, 0, 10). 
These studies have shown that eoneentrations of ('arbon dioxide, of tho 
order of 10 to 20 per cent., produce an inhibitory effect on the growth 
of most micro-organisms commonly found on meat and fish. 

As it was impossible to anticipate the-problems involved in project¬ 
ing the results of laboratory and small-scale experiments to a commercial 
scale, experiments, wherein quarters of beef were stored in atmospheres 
containing 10 to 12 per cent, carbon dioxide, have been carried out 
under strictly controlled commercial conditions, in conjunction with a 
large meat exporting works. The use of carbon dioxide during initial 
chilling of beef to the temperature of storage being impracticable, its 
effects during storage only have been studied. 

2. Experimental Procedure. 

(i) General ,—Six bodies of beef of average quality were employed in 
each experiment, and the customary abattoir procedure for their dress¬ 
ing, handling, and chilling was followed. In the first experiment, how¬ 
ever, the beef was chilled in a large commercial room, and, in the second^ 
in a small experimental chamber. After the completion of chilling to a 
uniform temperature of 0®C. (32'’F.), the sides^ were divided into 
quarters which were covered with sterilized stockinette, and placed in 
two storage chambers cooled by overhead grids of brine pipes and 

* Bacteria and moulde capable of comparatively rapid growth under suitable conditions at temperatures 
of the order of —I* C. (80.2 f.) will subsequently be referred to as low-temperatnre types.** 



maintained at similar temperatures and relative humidities. The con¬ 
struction of these chambers was similar in all respects, except that one 
was made gas-tight ” to enable uniform concentrations of carbon dioxide 
to be maintained in its atmosphere. Comparable experimental material 
was obtained by placing the twelve left quarters in the gas chamber, 
and the twelve opposite quarters in the control chamber. 

Only the main features of the experimental procedure are described. 

(ii) Physical Conditions ,—Losses of weight during chilling and 
storage were obtained. In Test 2, the extent of superficial desiccation 
ef exposed muscle tissue was determined by measuring the moisture 
contents of successive 2 mm. layers taken immediately after chilling and 
at the completion of storage from* four exposed areas of muscle in the 
vicinity of the aitcli bone of the hindquarters; the observations had to 
be limited to this region owing to its comprising the bulk of the small 
area of exposed muscle available on each side of beef. From time to 
time the moisture contents of the first half millimetre (outer) layer of 
exposed muscle were determined. 

During the progress of chilling, continuous observations were made 
of the average temperature, relative humidity, and rate of movement 
of the air, and of the rate of reduction of the temperature of the deep 
and superficial portions of the meat. 

Observations of the temperature, relative humidity, and concentra¬ 
tion of carbon dioxide in ,the atmosphere of each chamber, and of the 
temperature of the superficial portions of the meat, were carried out 
twice daily, and were so determined as to obviate the necessity of open¬ 
ing the chambers, except at such times as detailed examination of the 
meat was desirable. The temperatures of the air and of the meat in 
each chamber were determined at six and three positions respectively. 
While cold brine was circulating through the grids of pipes, the concen¬ 
trations of carbon dioxide at different positions in the chamber did not 
vary from the mean value by more than ±:0.1 per cent.; the concentra¬ 
tion at one point only was therefore determined. 

(iii) Sampling for Microbial Examinations ,—Since deterioration 
affected only the superficial tissues, samples of exposed muscle and 
adipose tissue, each 2 sq. cm. in area, were excised to a depth of 2 mm. for 
the determination of the type and numbers of the microbial population. 
The initial sampling was carried out within one or two hours of 
slaughter, six areas each of exposed muscle and adipose tissue being 
removed, under aseptic conditions, from each of four sides of beef; the 
24 samples of muscle and of adipose tissue were combined in order to 
give an average value of the microbial contamination of each type of 
superficial tissue. Similar samples from contiguous areas were 
removed, in one experiment, at the completion of chilling, and, in both 
experiments, on several occasions during storage. The percentage of 
“ low^ temperature type micro-organisms present in each group of 
samples was determined by comparing the numbers of organisms viable 
on artificial media at incubation temperatures of 20® C. (68® F) and 
—1® C. (30.2®F). 

(iv) Sampling for Examination of Fat ,—At the completion of 
chilling and of storage, three samples of superficial fat, each 2 mm. thick 
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and 40 sq. cm. (approx.) in area, were removed from the back^ 
abdominal, and neck-thorax regions of six quarters. The 18 samples of 
each group were subsequently minced and ground in a mortar to secure 
intimate mixing. At the completion of storage, samples were also 
obtained from areas heavily infected by either bacteria or moulds. 
Estimations of the acid values of the extracted fat and degree of ran¬ 
cidity of the native ” fat, determined by the measurement of the 
** active ” oxygen value described by Lea (8), were carried out on each 
of the mixed samples. “ Blind ’’ palatability tests, by three observers,, 
on hot and cold portions of each of the mixed samples of fat served to 
detect the presence of “off^^ flavours. For these tests, tissue sampled 
immediately after the completion of^ chilling was stored in stoppered 
bottles at a temperature of —17® C. (1.4® F.) pending the comparison 
with the samples obtained at the completion of storage. 


3. General Observations on Storage Experiments. 

(i) Physical Data .—Table T. gives a summary of the physical condi¬ 
tions obtaining during the chilling of the beef (in sides). The duration 
of holding in the chilling rooms Avas 72 hours (approx.). 


Table I.— Summaky of the Physical Conditions dcking Stoka<,k. 
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The rate of cooling of the beef, particularly in the superficial areas, 
was considerably greater in Test 2 than in Test 1. In Test 2, the 
higher rate of movement and lower vapour pressure of the air is reflected 
l)Oth in the greater total loss of weight and in the lower average moisture 
content of the first half-millimetre (outer) layer of the exposed muscle. 

The chief physical data observed during the storage of the beef are 
collected in Table II. 
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Table II.— Physical Dajta duhing Stoeage. 
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(x) Eight of tw<*lvc quarters were removed after storage for 40 dayn. 

Vr — Mean aqueous vapour pressure. 

Vm =* Saturation vapour pressure at tiie temperature of ti»r surface of ti)e meat. 


As it was desired to prevent any undue formation of ice in the 
muscle tissue of the beef during storage, the mean air temperature could 
not be maintained lower than —l.O^C, (30.2°F.)—the average freezing 
point of beef muscle—particularly in view of the fact that the coldest 
part of the storage rooms had a steady temperature of — 
(29.7®r.). In such positions, after a period of storage in excess of 40 
days, the quarters of beef invariably showed some formation of ice in 
the muscle tissue. The slight divergence of the mean meat tempera¬ 
tures from the mean air temperatures was due to there being an insuffi¬ 
cient number of thermometers in the superficial tissues of the meat to 
permit the estimation of their true average temperatures. 

In both experiments, no forced air circulation was employed during 
storage, other than that required for a period of ten minutes daily, while 
carbon dioxide was being added to maintain the requisite concentration. 
For purposes of comparison, the losses of weight of the quarters during 
storage, assumed to vary directly with time, have been reduced to a 
common basis of holding for 44 days; tests have shown this assumption 
to be reasonably accurate. 

In Test 2, the average moisture contents of successive 2 mm. layers 
of exposed muscle after chilling were respectively, 55, 63, 69 per cent.; 
after storage, the corresponding values were 60, 64, and 67 per cent, 
respectively. During storage, the superficial exposed muscle had 
apparently acquired fresh moisture by diffusion from the deeper layers, 
and the superficial muscle was moister at the completion of storage than 
it was at the completion of chilling. The presence of bacterial slime 
on the exposed muscle of the beef after storage prevented this procedure 
being adopted in the first test. 
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(ii) Microbial Contamination .—Table III. gives a summary of the 
chief features of the average microbial contamination (excluding 
yeasts), per sq. cm. of exposed tissue, of the quarters of beef employed 
in the two tests. 


Table III.— Microbial Counts Expressed as Numbers op Micro- 
Organisms PER Square Centimetre op Exposed Tissue. 
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In each test, visible microbial contamination first appeared as small, 
moist, bacterial colonies in the form of nodules, situated usually in the 
moister areas of exposed muscle on the neck, the residual tissues of the 
abdominal aorta, and beneath the diaphragm. During chilling and 
storage, the neck and aortal areas receive some drainage of blood and 
lymph from the adjacent vessels. 

As the duration of storage increased, these colonies tended gradually 
to coalesce and to form slime,” which was invariably accompanied 
by a sour, stale odour. This point of definite onset of deterioration 
invariably occurred when the number of low temperature type ” 
bacteria per sq. cm. of exposed muscle was of the order of 5 x lO’^, an 
observation which agrees reasonably well with that of Haines(6), who 
specifies that the slime” stage is reached in moist muscle when the 
number of organisms per sq. cm. is approximately 3.2 x 10^. The tinges 
from slaughter required for such development in Test 1 were 23 and 16 
days for the beef stored in carbon dioxide and air respectively, while 
the corresponding times in Test 2 were 67 (estimated) and 46 days 
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respectively. In Test 2, the “ slime ” stage was not reached at the con¬ 
clusion of storage in 12 per cent. COg—57 days from slaughter—and 
the value given above has been estimated from bacterial Counts. In 
Test 1, the onset of deterioration subsequent to the slime ” stage was 
marked by more extensive spreading and an increase in the size of the 
colonies in the areas of muscle where visible growth had first become 
apparent, and it was marked also by the appearance* of similar slime 
on the relatively drier areas of muscle, on the connective tissue covering 
the abdominal and thoracic cavities, on the fat covered by moist con¬ 
nective tissues, and on the moist surfaces of the rib muscles exposed as 
the result of the division of sides into quarters. 

An analysis of the species of low temperature type ’’ bacteria found 
initially on the surfaces of the beef showed that several types belonging 
to tl‘.e genus AcAromoiac/er Bergey, et aJ., constituted at least 95 per 
cent, of the infection, and that the remainder consisted of several species 
of Psemdomonas and Micrococcus. During the subsequent development 
of nodules and slime, the relative percentages of Achromobacter and 
Pseudomonas, both on the beef stored in carbon dioxide and on its 
control stored in air, tended to increase at the expense of the slower ‘ 
growing Micrococcus. 

An examination of the data given in Table III. shows that the 
extent of the restriction of bacterial proliferation, caused by the use of 
10 to 12 per cent, carbon dioxide, varies considerably at different stages 
in the period of storage. From the point of view of the safe storage 
of chilled beef, however, the extent of inhibition up to the time of initial 
slime formation is obviously of paramount importance, and, during this 
period, the carbon dioxide has effected a reduction of 40 per cent, 
(approx.) in the rate of proliferation. Comparisons of the growth rates 

Achromobacter (several strains) and Pseudomonas on plates of 
nutrient agar in atmospheres of 94 and 99 per cent, relative humidities, 
determined according to the method described by Coyne(4), showed that 
10 to 12 per cent, carbon dioxide caused an inhibition of 30 to 40 per 
cent, at the stage when growth became abundant, and thereby confirmed 
the observations made directly on the beef. 

In Test 2, the effect of holding beef for two days in ordinary atmo¬ 
spheric conditions (mean temperature 10®C. (50^F.)) subsequent to 
its storage in carbon dioxide was investigated. Although the bacterial 
count on the exposed muscle increased almost sixty-fold during this 
short period (see Table III.); the slime ’’ point was scarcely reached, 
even in the moister areas. 

In all tests carried out in this laboratory—including many not 
described in this paper—the counts of low temperature type moulds 
per sq. cm. of exposed muscle and fat, obtained immediately after 
slaughter and after the completion of chilling, have been extremely low 
in comparison with the counts of ‘‘ low temperature type ’’ bacteria, and 
this condition has been reflected in the comparative absence of appre¬ 
ciable fungal attack, even after prolonged periods of storage. In the 
areas showing m^arked bacterial proliferation, fungal growth has invari¬ 
ably been absent. 

In Test 2, after a period of storage of 42 days had elapsed, no visible 
colonies of mould were present on the beef stored in carbon dioxide^ 
whereas the beef stored in air had an average population of 50 to 60 



colonies^ chiefly composed of PenicilUum expan^um with some Sporo* 
iridium carnis. In the case of beef stored even so long as 55 days in 
32 per cent, carbon dioxide, the number of visible colonies did not exceed 
three or four per quarter, and all proved to be Sporotrichum carnis. 
Since heavy bacterial contamination in all cases rendered necessary the 
disposal of the air-stored beef before mould colonies could be detected 
on the beef stored in carbon dioxide, it was impossible to make accurate 
estimates of the comparative rates of growth of the moulds on the meat 
in the two environments. Within the periods of storage so far invest! 
gated, 10 to 12 per cent, concentrations of carbon dioxide would appear, 
however, to have exerted an effective control of the growth of FenciIJivm 
expansum, and to have caused a moderate restriction of the growth of 
Sporotrichum carnis when compared with its growth on the controls 
stored in air. A quantitative determination of the comparative rates of 
growth of Sporotrichum carnis in air and in 10 per cent, carbon dioxide 
showed that the average times taken for the colonies grown on Czapek’s 
agar to reach a diameter of 6 mm. were 27 and 36 days respectively, 
the temperature of storage and the relative humidity being — 
(30.2°F.) and 99 per cent, respectively. The corresponding line|ir 
expansions, expressed in millimetres per ,100 hours, were 1.2 and 0.9. 
respectively. Tliese results indicate that the rate of growth of Sporo¬ 
trichum carnis in 10 per cent, carbon dioxide is 70 per cent, (approx.) 
of that in air, an observation closely agreeing with that of Tomkins(10). 

(iii) Changes in Fats. —The free acidities of various samples of fat, 
removed immediately after chilling and at the completion of storage, 
are given in Table IV. In all cases, their active oxygen contents 
did not exceed the equivalent of 0.3 ml. of 0.002 M. sodium thiosulphate, 
and therefore being extremely small, the vahn*s have not been recorded. 

'Fablk IV. —Frek Acidities of Fats after (^hii./.ixg and after 
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Tests of the palatability showed that during storage in 10 per cent. 
<*arbon dioxide for a period of 43 days (Test 1), all samples developed 
i>tale odours and flavours variously described as fishy ” and acrid. All 
samples taken at the completion of storage (55 days) in Test 2 had 
developed slight off ’’ odours and flavours^ but there were detectable 
differences only in the case of the fat taken from the neck and thorax 
areas of the air-stored beef, which had a rather more pronounced acrid 
flavour than that of the corresponding sample from the beef stored in 
carbon dioxide. Samples taken from quarters held for two days at a 
temperature of 10°C. (50°F.) subsequent to storage at —1°C. (30.2‘^F.) 
for 55 days showed no further development of off ” flavours. Tluv 
mixed sample from the beef stored in air showing heavy bacterial con¬ 
tamination on the fat had developed an extremely pronounced acrid 
flavour. In the case of beef stored in carbon dioxide, there were no 
areas of fat heavily coated with bacterial slime. 

The initial mean free* acidity of the fat in Test 2 was 1.4 per cent., 
iMid at tlie completion of storage, it had risen to 2.»1 and 1.8 per cent, for 
the air and carbon dioxide stored fats respectively. While the difference 
l)(*tween the latter values is j)robably due to the development of heavy 
microbial contamination on the air-stored fat, thereby affording a useful 
index of the effects of microbial proliferation, the presence of the fatty 
ncids alone, as Barnicoat(l) has shown, does not produce off flavours. 
These are probably <lue rather to attack by bacteria on the connective 
tissue of the fat than to any marked chemical changes in the glycerides 
lhemselv(‘s. 

(iv) Bloom of (he Meat ,—The loss of bloom of chilled beef is, in some 
measure, proportional to the extent of the total loss of weight from 
slaughter to the completion of storage, and it has been found that if 
such losses exceed 5.5 per cent, (approx.)—the maximum allowable 
<lepends largely on the quality of the carcasses—the consequent loss of 
bloom is serious. In these tests, the losses of weight during periods of 
46 and 57 days, from slaughter to completion of storage, have been 2.8 
nnd 4.6 per cent, respectively. Except for the presence of a dull colour 
of the fat in are^s covered with bacterial slime and the occurrence of 
slight dpkening of exposed muscle, the bloom of the meat was not 
greatly impaired. This result was to be expected in view of the fact 
that tlie weight losses were considerably below the critical value. The 
j)resence of carbon dioxide did not appear to depreciate the bloom, eitlier 
by affecting the colour of the fat or by causing a darker colour of the 
exposed muscles and a greater depth of penetration of methaemoglobin 
than in similar tissues in the beef stored in air. 

(v) Bdlatiibiliiy of the Lean ,—The lean of beef stored in carbon 
<lioxide had acquired a slightly tainted flavour only in exposed areas 
developing slime during storage. This condition, of course, applied 
only to Test 1. 

4. Discussion. 

While an insufficient number of experiments have been carried out 
to enable an accurate assessm^jnt to bo made of the value of carbon 
dioxide in prolonging the safe period of storage of chilled beef, it is clear 
that the use of carbon dioxide wdll not, of itself, secure freedom frbm 
wastage during the period of the transport from Qm^msland to Great 
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Britain. It is desirable, therefore, to indicate generally some, at leasts 
of the conditions to be adhered to in order that a trade in chilled beef 
reasonably free from wastage may be established. 

The length of storage possible without the onset of wastage is largely 
dependent on the nature and degree of the initial contamination of the 
beef by ** lowr temperature type micro-organisms. While the maximum 
numbers of such organisms allowable per unit area of the beef cannot 
yet be specified, many experiments, not recorded in this communication^ 
have indicated that by strict attention to cleanliness in every phase of the 
treatment of the beef in the meat-w'orks, it is possible greatly to reduce 
the degree of contamination normally prevailing. A striking instance 
of the importance of this factor is revealed by the fact that, in the first 
and second tests, the ratio of the respective initial low temperature 
type’’ contaminations per unit area of the beef was 10:1, while that 
of the respective durations of storage until the onset of the slime 
stage w'as 1: 2.5. 

Information is available concerning the effects of tw’o factors operate 
ing during storage of the beef, viz., the temperature and the composition 
of the atmosphere. In order to restrict microbial growth, the tempera¬ 
ture should be inaiutaiiied as close as possible to the freezing point of 
the muscle tissue, —1^'C. (30.2^F.). If some ice formation in the 
meat is not considered undesirable, lunvevtn’, the teinpi^rature may, w’ith 
advantage, be reduced to about —1.5^C. (29.3°F.). For beef obtained 
from meat-works where the initial contamination consists chiefly of 
Achrontahaefer, the use of 10 to 12 per cent, carbon dioxide in the 
storage atmosphere jjroduees an increase of 40 per cent. i]i tln^ storage 
life of chilled beef compared w ith storage in air. The greater 
margin of safety secured, therefore, indicates the desirability of the use 
of this gas in ships’ holds during the prolonged transport from Australia 
to Great Britain. Haines(5) has indicated that the use of 10 per cent, 
carbon dioxide almost doubles the time required for the production of 
a given number of Achromohacier organisms at 0*^0. (32^F.); this 
divergence from the results recorded above may possibly be due to 
differences in the strains of organisms studied. 

By experiments now^ in progress, it is hoped to define the optimmu 
values of the factors responsible for the degree of superficial desiccation 
during storage, viz., density of stacking of the meat, relative hiimidii;^^ 
and rate of movement of the air. 

In each stage of the treatment and storage in Test 2, conditiona^ 
extremely favorable to prolonged storage were maintained. Not only 
w^as the initial count of micro-organisms extremely low, but the rate of 
reduction of temperature during chilling, and the degree of superficial 
desiccation were high. During storage, too, a rate of loss of weight 
approaching the limit defined in section 3 was employed in coiijunctioir 
with the maintenance of a constant temperature of —1®C. (30.2‘^F.) 
and an atmosphere containing 12 per cent, carbon dioxide. With 
those conditions prevailing, the period of holding before the onset of 
appreciable deterioration, including the period at atmospheric 
temperature equivalent to the duration of the marketing of the 
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beef, was approximately 60 days. It seems doubtful, however, 
whether an initial contamination as low as that prevailing in 
Test 2 can be constantly maintained in large-scale commercial 
production. While it is difficult accurately to determine the 
effect of the probable average initial contamination under 
improved works’ technique, it may be assessed tentatively as 
equivalent to a deduction of seven days from the storage “ life ” 
<»btaining in Test 2. That is, when storage in carbon dioxide is 
employed, the probable maximum duration of holding of chilled beef is 
approximately 53 days, which is equivalent to a period of transport 
(storage) of 45 days. The latter period is somewhat less than the pre¬ 
vailing average duration of the voyage from Queensland ports to Great 
Britain. 

These observations apply mainly to beef exported from works 
wherein Achromobacter is the predominating species in the initial 
low temperature type ” contamination. Owing to the fact that 
earbon dioxide is a relatively effective suppressor of the growth of the 
more common moulds, except Sporotrichum carnis, chilled beef exported 
from works wherein the former moulds comprise the bulk of the Ioav 
temperature type ” contamination may reasonably be stored for a con¬ 
siderably longer period than has been indicated in the preceding 
jiaragraph. 
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Blue Stain in Pinus radiata {insignis) Timber. 

Some Preliminary Experiments with Case Stock. 

By J. £. Cummins, MSc* 

Summary. 

Owing to the increased consumption of loeally^grown softwoods in Australia^ 
the surface stains, which are caused by fiingi and to which such timbers are- 
susceptible, are important, particularly to the Australian case manufacturer. 

Experiments aimed at the control of the stains by means of treatment with 
various solutions are described. Treatment with Lignasan (a proprietary ma« 
terial) effectively prevented blue stAin development in case timbers even under 
bad stacking conditions. However, undc*r such conditions, considerable develop* 
inent of surface mould occurred, but this could bo effectively reduced by the 
provision of better foundations and thicker spacing strips in the stacks. 

Treatment with soda solutions reduced Jdue stain development, but insuffi¬ 
ciently for practical purposes. Mould development was also considerable. No 
experiments were made using improved stacking methods alone. In practice, 
lietter results would undoubtedly be obtained if the stacks were so built as 
allow of more rapid drying of the timber. 

I. introduction. 

Timber, particularly that of couiferous trees (softwoods) is sus¬ 
ceptible to stains whic'h may vary in colour from blue, pink, or green,, 
to brown, yellow or black. These .stains are either chemical or fungal 
in origin, 

Chemical ,stains are generally caused by the react|io.n of Fome 
material with cimstituents of the v-ood sap, e.g., many Australian hard¬ 
woods contain tannin, and when they come in contact with iron, e.g.,. 
nails, a bluc-black compound causing a characteristic ink-like stain is 
formed. C’hcniical stains do not cause serious degrade, and arc usually 
removed when the timber is dressed. They are not further considered in 
this article. 

Fungal stains are es.scntially different.in nature and are of three 
general types, namely—(i) surface mould stains, (ii) wood-destroying 
fungus stains, and (iii) sap stains. 

Surface moulds are generally green, blue, pink, yellow or black 
in colour, and are often characterized by a cottony or downy growth. 
They may sometimes appear powdery in texture, and are often confitUMl 
to the sapwood only. They do not penetrate the wood and can be easily 
removed on surfacing. In stock which requires subsequent machining, 
they are not considered a defect, but in material such as case stock, they 
may cause serious degra.de. In general, moulded eases sliould not he 
used for uncovered foodstuffs on account of the possibility of their 
contamination and subsequent breakdown. The development of surface 
moulds is often found iji the kiln drying of green timber which require.s 
initial conditions of low temperature and high humidity. When such 
inoulds are seen developing in the kiln, they can be effectively killed 
by subjecting the charge to a steaming or high humidity treatment at 
160°F. to 170®F. for one to two hours, the time depending on the 
effective circulation in the kiln. As well as discolouring tlie hoards, 
such surface moulds are liable to interefere seriously with the circula¬ 
tion and cause uneven or retarded drying. 

• Rmarrh Officer, Preservation Seifirm, Uhi^lon of Torest Prtuluctji. 
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Stains caused by wood-destroying fungi vary in colour. They may 
le present in the living tree, or they may develop in logs held in the 
bush , or at the mill for long periods before conversion, or in timber 
' stored under bad conditions. In general, they do not occur in yards 
in which good or relatively good seasoning practices are followed. 
They will not be discussed further in this article. 

Sap staining fungi, as distinct from surface moulds, penetrate the 
wood and generally cause a blue or brown stain which cannot bo 
remoVed by surfacing. It is this group of stains which causes 
tremendous losses in softwoods and minor losses in Australian 
hardwoods. 

Sap stains which are blue in colour are common in hoop pine, kauri 
pine, bunya pine, and Pinus radiata (insifpiis)y and some mills are 
experiencing considerable losses due to their action. Because of the 
increasing cut of Australian-grown pines, the problem of this sap stain 
prevention becomes of major importance, and it is proposed to 
conduct large scale experiments under Australian conditions in order 
to develop satisfactory methods for preventing or greatly reducing 
this form of degrade. The present article reports the results of some 
preliminary experiments on the prevention of blue sap stain in 
P, rad laid case stock. 

2. Sap Stains produced by Fungi. 

Fungi may cause various types of stain particularly on the sapwood. 
Such stains are commonly bluish' or yellow to brown, and different 
.groups of fungi are responsible for the different discolourations cause<l. 
The stain which occurs on the sapwood of both hardwoods and soft¬ 
woods, and which is bluish in colouration, is caused by representatives 
of several different genera pf fungi, commonly called blue stain fungi. 
In Australia, no detailed investigation of these fungi has been made, 
but it is known from cultures prepared from infected wood that several 
species at least are present, lieceiitly, Audrey M. Eckersley(l) has 
identified two forms closely related to PoraiosiomeUa pilifera{Fv.) 
Wiiithcr and Ceratostomella coerulea Miiiich, from P. radiata grown on 
the Mornington ^Peninsula, Vic., and Ilormonema dematloides Lager- 
berg and Melin from material grown at Macedon, Vic. The group of 
fungi causing the yellowish to brown sap stain in U.S.A., are often 
species of Pniicillium, but no investigation of these has been made in 
Australia. However, some recent investigations have indicated that 
a species of Cytospora is responsible for a yellowish to brown dis¬ 
coloration in Tasmania myrtle (Xothofaguji runninghamii) sapwood. 

Blue staining fungi chiefly inhabit the sapwood, and apparently 
feed principally upon the cell contents such as starch, sugar, &c., 
although some slight breakdown of the cell walls also occurs. As they 
•develop, they penetrate deeper into the wood, and the fine fungal threads 
or hyphae pass from cell to cell chiefly in the medullary rays or 
parenchyma tissue. The passage from cell to cell is mainly through 
ihe pits or slit-like openings in the cell walls. In parenchyma tissue, 
more penetration of cell walls appears to take place than in tracheids, 
where passage ^rom cell to cell is through the bordered pits. Examinar 
tion of sections of badly blue stained wood shows apparent considerable 
breakdown of some of the ray cells. 
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In genera], bine stain fungi do not penetrate the truewood,* but 
Lagerberg, Lundberg, and Melin(2) have recently reported oases where 
this definitely occurs. However, the extent of degrade due to truewood 
aittack appears to be relatively small. 

The newty-formed fungal hypbae are colourless, but after a few 
days they become coloured, and when blue stained wood is examined 
under the microscope, the hyphae appear yellowish-green to brownish- 
green in colour, although their effect is to cause the wood to appear 
bluish. Under certain conditions, and when the fungus has developed 
in the wood, its fruiting bodies can be seen as small black specks on 
the surface of the timber. 

The conditions for the dovclopinent of blue stain fungi are very 
similar to those necessary for tlio groAvth of other wood inhabiting 
fungi, particularly Avood destroying varieties, but their effect on the 
timber is essentially different. For instance, they have only a slight 
effect on the strength of the timber, and, for general use, blue stained 
timber should not be rejected in the same Avay as that affected by wood- 
destroying fungi. ^ 

As conditions of development arc similar, excessively blue stained 
material should not be accepted under conditions Where strength is 
important, as typical decay fungi may also be associated with the 
blue stain. Further, blue stain generally indicates the presence of 
sapwood, and under conditions where resistance to decay is desirable, 
sapwood is not durable unless previously effectively treated with wood 
preservatives. 

For their maximum development, blue stain fungi require food, 
moisture, air, and warmth. Food is provided by the sapwood of the 
tree, and ordinary weather conditions arc suitable for development,, 
although warm moist Aveather, as experienced particularly in northern 
New South Wales and Queensland, is conducive to rapid growth. 
Experiments by numerous investigators have shown that blue stain 
will readily develop at moisture contents of the sapAvood (based on 
the oven-dry weight of the wood) ranging-from about 35 per cent, to 120 
per cent.(2), Avhile groAvth may occur as low as 23 per cent, and as high 
as 160 per cent. The air requirements of the fungi are very small, 
but it is possible that groAvth at high moisture contents is limited 
chiefly on account of the restricted air supply due to complete filling 
of the cell cavities with sap. 

Because of the ability of the sap stain fungi to develop satisfactorily 
over such a wide range, all timber is susceptible to attack at some 
time in its history. Blue stain is found in the living tree, the log^ 
and the converted timber. In the living tree, infection is due to 
mechanical bark abrasion or the action of bark-boring or Avood-boring 
insects which carry the spores on their bodies and spread the infection. 
Bark beetles and associated blue stain have been shown by Craighead(3) 
to cause the killing of pine trees in the United States of America. I.K)gs 
left in the bush are susceptible to attack, particularly in warm moist 
seasons, and blue stain is frequently found extending from the end of 
logs and from places where the bark has been broken. The rapid 
removal of logs from the bush and their immediate conversion will do 

* The term ** truewood '* has been adopted to describe Mhat is usually termed heartwood. Ib 
A ustralia, the central portion of a tree is \er> often affected by decaj or has little strenRth. This 
portion, which 1. reall> part of the heartwood, is called “ heart." The teino ‘ heart " and '* ht art- 
wood *' are therefore eonfu«inR, and that portion of the tree between the ‘ heart," or the pith, and 
the sapwood has been named the trueuood. 
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anuch to reduce the bluiug. The use of sprays or eud coatings is also 
-effective at times, but this aspect of the problem needs much further 
^experimental work before definite recommendations can be made. Sawn 
timber is particularly susceptible to attack, but efficient methods bf 
piling can do much to control stain development. The obtaining of a 
dry surface by suitable provision for rapid initial drying and the 
maintenance of this dry surface is the basis of stain control during 
■air seasoning. Kiln-drying of timber green from the saw will obviously 
reduce losses, but with certain classes of stock this is not commercially 
possible, and all mills are not f3quipped with kilns. Chemical dip 
treatments, as discussed later, are a further effective means of stain 
control. 

Once timber has been infected, the spread of the stain may be 
very rapid. During periods of warm moist weather, it may completely 
penetrate the sapwood of logs* or boards within a few days or weeks 
(see Plate l).t Material bulk stacked when green can become seriously 
^degraded within several days. 

It appears that the slightly acid condition of the wood sap is 
particularly favorable for fungus development. The use of alkaline 
dips such as soda are based on this theory, the dipping rendering the 
surface of the wood alkaline. However, as soon as the alkali is more 
or less neuti’alized, staining is liable to occur if other conditions are 
suitable. Lignasan, a proprietary article*^ stated to contain 0.43 per 
cent, of ethyl mercury chloride, has recently been introduced into the 
limber industry in the United States of America as a sap stain preserva¬ 
tive, and experiments carried out on both an experimental an<l 
commercial bcalo by various workers of the U.S. Bureau of Plant 
Industry(4, .I, 0, 7) have shown that good results have been obtained 
from its use. Sodium carbonate and sodium bicarbonate have both 
been used extensively for preventing sap stain, and, before the use of 
newer chemicals in the last few years, formed one of the commonly 
accepted standard treatments.(8) However, they have not given con- 
idstently good results, particularly under bad conditions of bluing. 

Cdieniical dips are intended primarily to protect the timber during 
the early stages of drying and until the surface is below the moisture 
content at which stain will develop, but, even with their use, good piling 
practices are also essential. 

Once timber has been dried below the danger point, it is not immune 
from further attack if it is allowed to become wet again, for the 
causal fungi can remain dormant for long periods pending the time 
when moisture conditions are again suitable for their growth. 

3. Experimental Work in Australia. 

Finns nuliaia is at present largely used in Australia for case 
stock, but such stock is often cut at small mills utilizing hedge-grown 
material. In consequence, the shooks often receive little care in 
handling and are frequently delivered to the case manufacturer bundled 
green. However, conditions for their rapid drying are not always 
available to the manufacturer and air-drying space is often restricteil. 
Under such circumstances, the development of blue stain all too 
frequently result'^. 

t Seefadng page 308. 

♦ Haniifactiited by the E. I. du Pont de Neinoure Co. 
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Une case manutacturer in Melbourne approached the Division with 
reference to prevention of blue stain which was occurring in his factor^r 
and causing serious losses. An inspeciiop, of the factory showed that 
conditions for blue stain development were very favorable, and, as 
the proprietor was agreeable to make a limited amount of material 
available, it was decided to initiate preliminary experiments. 

Ovtline of Experimental Work, —At the factory, case shocks are 
received from various small mills on the Mornington Peninsula, Vic., 
the green stock being received within a few days of cutting. On 
receipt, the shocks are “ lap ” stacked* on the second floor of the 
factory. The practice was to build stacks right on to the floor, each 
^tack two boards wide and about 6 feet high, leaving a central space 
in each stack of from 7 to li inches, the space depending on the width 
of the material stacked. Case sides were used for end strips. Spaces 
between stacks averaged about 18 inches. The floor has doors at each 
end, but, except when a strong north wind is blowing, the air circulation 
throughout the room would be very poor and irregular. Stacks were 
erected both parallel and at right angles to the direction of air flov' 
between the doors. 

It appeared that there were two ways by whieli impfoveimnit could 
be effected. Firstly, much could be done in the way of a ijiore efficient 
stacking practice by the provision of suitable foundations, the use of 
thicker strips, and the laying out of stacks so as to take advantage* 
<)f all the available air circulation. Secondly, the use of chemical 
(lips with only slightly modified piling practice could be attempted; 
and it was decide(l to conduct the experiments with these and witli 
modifications in stacking. 

Materials for the Treatments, —A load of case sides (approximately 
1.500 boards) of P, radiata, 21 x 7 x g inches, were made available for 
the work. They were cut at Eed Hill, Vic., the day before treatment. 

For treating solutions, it was decided to use (a) Lignasanf and 
(h) a mixture of sodium carbonate and. sodium bicarbonate. Tlie 
Lignasan solution was made by dissolving i lb. of dry powder in 
20 gallons of cold water, and the soda solution by dissolving 14 lb. 
of washing soda and 6 lb. of bicarbonate of soda in 20 gallons of water 
(the solution thus being equivalent to 3 per cent, of soda ash and 3 per 
cent, of ^oda bicarbonate). 

Method of Treatment. —liefore treatment, each board was c*arefully 
(xamined for the presence of stain, and when this was found it was 
marked. Most of the stain found \Nas due to saw marks and handling 
Treatment was carried out by completely immersing the boards in tho 
treating solution for at least five seconds. The boards were then 
allowecl to drain for a few minutes and were then placed in their 
respective stacks. The Lignasan treatments were made with cold 
.solution, but the soda solution was maintained at 140 deg. F. 

Erection of Stacks. —The experimental stock was stacked in different 
ways. Three stacks—one Lignasan treated, one soda treated, and one 
imtreated control—were erected, using a lap ” stack slightly modified 
front that in use at the factory. The modifications consisted of the 

* An exnntple of ** lap stacking is shown in Vig. 1 (top). 

t In Australia, Lignasan costs about 60 cents U.S. currency per lb., and treatment would thus 
probably cost for chemicals alone only about 2d. per 100 super, feet of case stock. 
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addition of 4-in. foundations and the substitution of f-in. square strips 
at the ends, instead of the factory practice of using case sides for end 
strips (see Fig. 1 (top) ). 

Two stacks—oiie Lignasan treated and one untreated—were erected 
(»n 4-in. foundations, each tier of boards being separated by f-in. square 
strips (see Fig. 1 (bottom) ). 
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Fig. 1. —(To;))-Dia<<rammatic sketch of “ lap " sta k. Strips 3 S" thick. 

Foundations V hiRh. 

{Bottom) Dia^^rammatic sketch of “strip” stack. Stripe 3/4"' 
thi( k. Foundations 4"^ high. 

In both types of stacks a central flue of 7 inches was left. Stacks 
were tlirec boards long, two boards wide, and were all approximately 
4 feet high, and there was a space of 2 feet between stacks. Dummy 
stacks were erected in order to ensure that the end stacks did not 
leceive comparatively more air circulation than the others, and also to 
simulate factory conditions more closely. 

Period of Tesf .—Periodical cursory examination of the stacks was 
made, and it was found that within three weeks blue stain had develo])ed 
to a considerable extent. Mould growth W'as apparent in the soda and 
Lignasan treated stacks at the same time. All stacks were allowed to 
remain for a period of about nine Aveeks, Avhen they were demolished 
and the shocks examined. 

Method of Insiwciion and Recording of Results .—All stacks were 
demolished in the same way, boards being removed from each tier 
commencing from the end nearest the wall and working towards the 
front. In each tier (or approximate tier in the case of lap ’’ stacking) 
tliere were six boards; each board was carefully examined, and where 
blue stain or surface mould was present an estimate was made of the 
percentage surface area affected on both the top and bottom of the 
boards.- From the figures so obtained, the total percentage surface area 
affected was calculated. In some cases, boards containing small per¬ 
centages of truewood were noted, the blue stain apparently affecting 
the total sapwood present. The blue stain in such boards was noted 
as a percentage of the area of the whole board surface. Exact 
differentiation of sapwood and truewood was difficult, and it did not 
appear necessar^r to record such detailed results, the actual difference 
on the whole being negligible. 
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The moisture content of four boards in each five tiers was deter¬ 
mined electrically (by a Blinker), and the averafi^e of these taken as 
the average for the five tiers. 

Results of Test .—^In Table 1 the results of the detailed analyses of 
the untreated and Lignasan treated lap ” stacks are given, and in 
Table 2 the summarized results of all stacks. The moulds reported are 
due to the growth of a green-coloured Penicillium. The effect of faster 
drying is shown in the reduced stain or mould development in the top 
and bottom tiers of the stacks. 

Considering the “ lap stacks, it is seen from Table 2 that 71 per 
cent, of the total surface area of the boards in the control stack was 
blue stained compareil with 40 per cent, in the soda treated and none 
in the Lignasan treated. With the exception of one board, no mould 
growth occurred in the untreated stacks, whereas it was common in 
both the soda and Lignasan treated stacks. In the soda stack, it 
occurred alone in the top boards, but lower in the stack it was intimatelv 
associated with blue stain. The development of mould in the Lignasan 
stack was about equal in percentage to the blue stain development in 
the soda treated boards. Soda treatment reduced the total percentage 
of stain and also the percentage number of boards effected, the latter 
from 93 to 69. 

A study of Tables 1 and 2 and the detailed results not shown 
indicated that, with increasing depth in the stack, there occurred a 
greater development of stain and mould which was closely correlated 
with the average moisture content determined at the time of examina¬ 
tion. In the top fifteen tiers of the soda-treated stack only one^ board 
was slightly stained, while in the untreated stack 78 boards were 
stained, although the average moisture contents were very similar. 
Soda, therefore, retards blue stain development, but only under certain 
conditions. It is suggested that the value of soda solutions as a stain 
preventative may be a function of the time*; that is, soda treatment 
will prevent blue stain spores from germinating or developing for a 
limited time only, corresponding to the period required for the 
neutralization of the alkali by acids diffusing out from the interior of 
the timber. 

The development of mould growth both on Lignasan ' and soda 
treated boards is also probably due to the hydrogen-ion concentrations 
on the surface of the boards, this being such that it is at, or near, an 
optimum for their development. Also, it is evident from a comparison 
of Lignasan and untreated lap ” and strip stacks that a high 
moisture content for a considerable time is more necessary for mould 
than for blue stain development; the success of Lignasan for preventing 
both blue stain and mould is definitely associated with the method 
of stacking and the provision in the surface layers of a drying rate 
sufficiently fast to reduce the moisture content below the minimum 
required under the conditions created by the Lignasan solution. The 
latter solution is definitely alkaline. The pH on the surface of the 
wood, which is nornially acid, is thus increased, and in the case %of 
P, radiata it is suggested that the increase in pH produces suitable 
conditions for mould spore germination and subsequent development. 
A study of the pH of wood and of the change with time in pH of 
Lignasan and soda dipped boards, when stacked under conditions 
retarding drying, would give interesting data, and would probably 
result in the development of suitable solutions to prevent both mould 
and blue stain development. 
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Table 1.—Variation op Blub Stain, Mould, ai^d Moisture Content 
IN Untreated and Lionasa^^t-treated Lap ” Stacks. 


1 

No. of Ti^ from 

Blue Stain 

(as percentage of area). 

Mould. 

(as percentage of area). 

Average Moisture 
Content when Unstacked. 

Top of Stack. 

Untreated 

Treated. 

Untreated | Treated. 

Untreated. 

Treated. 

1-6 .. ' 

20 

Nil 

Nil 

0 1 

17 

17 

6-10 

66 



01 

19 

18 

11-16 .. ' 

81 

») 


1 3 

23 

18 

16-20 

72 



28 

24 

21 

21-26 .. ' 

72 



30 

>30 

26 

26-30 .. 1 

61 



53 

>30 

28 

31-35 .. > 

91 


.. 

65 

>30 

;30 

36-40 

85 



64 

>30 

>30 

41-46 

90 

^9 


59 

>30 

1 >30 

46-50 .. ' 

89 


1 ** 

73 

>30 

! >30 

61--66 

55 

1 


72 

26 

, .>30 

66-60 .. ' 

•• 

1 

1 

1 

28 

1 

, 25 

Average .. 

71 

Nil 

j Nil 

39 

1 30 

(approx.) 

30 

(approx.) 


All fiKuros on baslB of susceptible boards. 

In the untreatt>d stack all susceptible boards were affected with blue stain with the exception 
of 12 out of 30 in the top flve tiers and 9 out of 30 in the l)ottom fl\c tiers 

In the Liffiiasan-treated stack all susceptible boards were affected with mould ^«lth the exception 
of 29 out of 30 In the top five tiers , 23 out of 30 in the second ftve tiers; 23 out of 30 In the third 
top five tiers; H out of 28 in the fourth top five tiers; and 5 out of 12 in the bottom five tiers. 


Table 2.—Summarized Results of Examination of Treated and 

Untreated Stacks. 


Type of 
Stack. 

1 

Treatment. 

No. of 
Boards 
Susceptible. 

Blue Stain 
(as per¬ 
centage 
of area). 

Mould ! 

(as percentage i 
of area). 

I 1 

No. of ' 
Boards i 
Affected. 

Per- 

' centage 

1 Boards 
Affected. 

Average 

Moisture 

Content 

when 

Unstacked. 

“Lap” 

1 

Untreated 

1 1 

! 310 

71 

1 

Nil 

1 * 

289 

93 

30 

Soda .. 

, 336 

1 

40 

Mould asso- 
1 ciated with 
blue stain 

231 

69 

30 


Lignasan 

312 

Nil 

1 39 

224 

72 1 

30 

“ Strip” 

Untreated 

1 220 

1 31 

! Nil 

; 148 

1 67 

20 

1 Lignasan 

1 250 

Nil 

' 1-7 

1 37 

' 16 

20 

1 


1 


The provision of J-in, spacing strips reduced the percentage area 
blue stained from 71 per cent, to 31 per cent., and the number of boards 
affected from 93 per cent, to 67 per cent, in the untreated stack, and 
the percentage of mould in the Lignasan stack from 39 per cent, to 
1.7 per cent, and the percentage of boards affected from 72 per cent, 
to 15 per cent. By the provision of foundations at least 12 inches 
high and the use of 1-in. spacing strips, the trouble from moulding of 
Lignasan-treated boards would probably be eliminated under the condi¬ 
tions in the factory storage room. The mould in the strip ” Lignasan 
stack was only comparatively light in development and the degrade of 
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the affected boards therefore not serious. The provision of foundations 
and the use of 1-in. spacing strips as suggested above would probably 
not prevent blue stain development in untreated stacks under the existing 
storage conditions. 
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Footrot in Sheep. 

By D, Murnane, B.V.Sc* 

The work, the results of which are given in the article that follows, 
forms part of the programme of investigations that is being undertaken 
by the Councirs Division of Animal Health under the Australian Pastoral 
Research Trust—Empire Marketing Board scheme. (See this Journal, 
Vol. 4, August, 1931, p. 133). The author has kindly been accommodated 
at the Veterinary Researcli Institute, Parkville, of the University of 
Melbourne. In addition, some of the pens used by him were erected at 
the Zoological Gardens, Melbourne, by arrangement with the authorities 
concerned,—-Ei>. 


1. Introduction. 

This disease constitutes a major problem involving much field and 
laboratory work which has engaged our part time attention for the past 
two years. From the very nature of the condition, it is obvious that the 
investigation is one which presents considerable difficulties, the chief of 
which are the complications caused by the gross bacterial contamination 
of the lesions. It is of considerable economic importance, not'•on 
account of high mortality in affected flocks, but because of the loss of 
condition of affected animals and the cost of constant treatment. In 
addition, its existence in a flock takes shillings per head off the sale 
value. 


Veterinary Heeearch Officer, Division of Animal Health. 
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Footrot is an acute, sub-acute, or chronic disease affecting the feet 
of sheep and occasionally cattle. It occurs in most countries of the 
world, and has been known for very many years, being described in 
Europe as early as 1791. In Australia, it is more prevalent in certain 
districts than in others, and often assumes epizootic proportions. 

Predisposing Factors .—Certain conditions such as overgrown hooves, 
wet or damp pastures, and heavy growth of pasture (particularly 
clovers) have been noted to favour the development of footrot, but none 
of these can be credited with causing the disease. It is a generally 
accepted fact that the finer-woolled sheep are more susceptible than the 
coarser breeds, but it is doubtful if any breed is resistant. 

Types .—The clinical picture of footrot is well known to sheep-owners 
in affected districts. We recognize two more or less distinct types— 
(a) the ordinary sub-acute ” form which frequently passes to a 
chronic state; and (b) the less common acute ’’ or ^‘malignant” type. 

Symptoms .—In the first-mentioned form, the infection commences 
with a reddening of the skin between the digits, accompanied by a hot 
condition of the affected foot—due to the inflammatory process which is 
taking place. This phase is frequently referred to by sheep-owners as 
the scald stage,” and is usually accompanied by lameness. As yet, 
there is no visible break in the skin. Later, there is some swelling of 
the affected tissues and an oozing of clear serous fluid. The area 
becomes quite moist and develops a characteristic and unmistakable 
offensive odour. Subsequently, the skin breaks down and pus forms. 
The horny structures become under-run with pus, and as the vascillar 
soft structures (sensitive laminae) beneath the horn are attacked and 
digested, the soles and even the walls are shed. When only the sole is 
shed, the wall tends to spread and turn outwards and upwards, leaving 
the sensitive structures exposed and obviously causing extreme lameness 
to the extent of forcing the animal to move about on its knees.” This 
state may be reached in the comparatively short time of two weeks, but 
usually takes longer. The lesion may progress slowly or may remain 
at a standstill (neither improving nor becoming worse) for months. 
This constitutes what we term the chronic ” state. 

Throughout the progress of the disease, the affected animal usually 
loses weight considerably, partly on account of the pain suffered, 
partly on account of the inability to move about and obtain sufficient 
food, and doubtless on account of considerable toxic absorption from 
the foul lesion. 

Occasionally, when making post-mortem examinations on footrot 
cases which have died, we have found multiple abscess formation in the 
liver, lungs, and ^leen, and it seems likely that these originated from 
the loot lesion. Usually, however, the lesions are confined to the feet, 
below the coronet. 

The acute ” or malignant ” type, on the other hand, runs a 
somewhat different course. The lesion seems to commence either in the 
pastern or in the fetlock joint above the foot, and for a time remain^ 
localized in this region. There is considerable swelling of the affected 
joint with much pain. The tendons and ligaments in "the vicinify are 
C.8778.—2 
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ihe structures which are particularly attacked. They arc rapidly 
digested, often resulting in luxation of the extremity. Sinuses usually 
form, and there is a foul discharge, or the pus burrows downward and 
the foot itself becomes involved. The animal being forced to move 
about on its knees,’’ it frequently develops lesions in the knee joints 
and in the region of the sternum (“brisket”) through inoculation of 
abrasions by contact with discharging lesions in the lower joints. This 
type of footrot generally runs a more rapid course and is more severe, 
not infrequently terminating in the death of the animal. (The disease 
in cattle commonly resembles this “ malignant ” form in that the tendons 
and ligamentous structures are involved, but it seems to clear up more 
leadily than in sheep.) 

Differential Diagnosis .—There are few diseases of the feet of sheep 
which may be mistaken for footrot, particularly in Australia, wher^', 
fortunately, foot and mouth disease does not exist, but, even in countries 
where it is prevalent, the differentiation should not be difficult when 
ihe disease has progressed past the initial stag(‘. 

There is, however, an abnormal condition of tin* foot not infrequently 
encountered in sheep running on wet or swampy country which closely 
resembles the early stage of footrot, and with which it may easily b(^ 
confused. There is maceration, erosion, and even suppuration of the 
interdigital tissues accompanied by marked lameness. This condition 
readily yields to treatment, and in fact may even clear up spontaneously, 
especially if affected animals arc removed to dry surroundings. Tt is 
often referred to by farmers as the “ non-infectioiis type.” 

The writer is of the opinion that both types are infectious, and that 
bofli originate in the same manner (i.e., by infection of abrasions of the 
skin of the foot), the })rogress of the condition and the ultimate lesions 
depending entirely on the type and virulence of the invading organism. 

Natural Infection .—There is little doubt that the disease is infec¬ 
tious. The nature of the lesion and the rapidity with which the trouble 
spreads through a flock when introduced under favorable conditions 
seems to adequately support this view. It is quite common to find 
owners who state* that th(*y never experienced footrot prior to the 
purchase of a few infected animals from which the dis(*ase ra])idly 
spread to their flocks. That infection may take place quite ra])idly is 
demonstrated by the fact that young lambs of affected ewes have* be*e*n 
known to contract the disease within two or three weeks of birth. 

Etiology .—The determination of the causal organism has ])r(*sented 
the greatest difficulty. In the case of an infectious disease affecting 
an internal organ, the isolation of the infecting germ is usually a 
simple bacteriological procedure, as the organism is as a rule uncon¬ 
taminated by others. In the case of footrot, we have an (*xternal lesion 
in contact with soil, faeces, &^c., and consequently contaminated with 
hundreds of organisms—pathogenic and non-pathogenic. This makes the 
task of determining the initial causal organism infinitely more diffiault. 
Certain workers in France have attributed footrot to infection with the 
tissue parasite Treponema podovis which they claim to be present in 
enormous numbers in the lesions. This view has been supported by one 
or more workers in America, although as far as we are aware the 
disease has not been produced experimentally by inoculation with this 
organism, nor has the organism even been cultivated. 
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Other American workers (notably Mohler and Washburn) are 
equally firm in the opinion that the causal organism is Bacillus necro- 
phorus. 

After microscopical examination of a large number of smears and 
preparations from aifected feet, we strongly incline to the latter view. 
We have found that in practically 100.. per cent, of cases examined, 
7i. necTophorus is present, while in only two or three cases* have we seen 
organisms resembling the Treponema mentioned, and, further, it is very 
questionable whether these were of a pathogenic nature. However, at 
present w^e refrain from stating that the Treponema is of no significance. 
Whether we are justified in incriminating B, necrophorus as the primary 
causal agent of footrot may be open to doubt. Owing to the unbiquit- 
ous character of the organism, it may be that it is a common secondary 
invader. But, whether it be primary or secondary, ‘the fact remains 
that the chief lesions seen in the vast majority of cases of footrot 
(neglecting the mild non-progressive type mentioned earlier) are 
definitely those of necrosis associated with the presence of B, necro- 
ph orons. 

B. necrophorus is not credited with penetrating unbroken or healthy 
skin, and we believe that in the case of footrot "this probably holds true, 
the tissues of the foot being first injured or abraded by some other agent, 
either traumatic, climatic, parasitic, or bacterial, thus permitting the 
entry of the organism. 

The Organlsni .—As part of the Australian investigations of footrot, 
B. necrophorus has been studied in detail by Messrs, H. R. Came and 
W. 1. Eev(*ridge, at th(‘ Y. 1). McMaster Laboratory in Sydney, and has 
been described very fully by the latter in a recent paper which will 
shortly be ijuhlished. The more general characters may be found in 
any mod(*rn bacteriological textbook. Sutiice it to say that the germ is 
a filamentous, non-sporing, highly pathogenic anaerobe, and is regard(*d 
as a common inhabitant of the normal intestine of pigs (and probably 
ruminants and hortes), of fa(*ces, and of soil contaminated with faeces. 

Paiho(jenicity .—The number of disease conditions with Avhich B, 
necrophorus is associated is surprising. It is capable of producing 
lesions in various parts of the body in most of the lower animals and 
in man. Rabbits and mice are particularly susceptible, and are there¬ 
fore commonly used for the purpose of isolating the organism from 
natural footrot lesions. 

Emulsions of scrapings from the deeper parts of the lesion (at the 
junction of the diseased and healthy tissues) are injected subcutaneously 
or intramuscularly. A necrotic lesion results and extends rapidly as 
the organism multiplies and attacks adjacent healthy tissue. Death of 
the inoculated animal usually takes place within 10 days. The extension 
of the necrotic area is so rapid that most of the original contaminating 
organisms (many of which are non-pathogenic) are left behind at or 
near the site of inoculation. Hecrotic material from the periphery of 
this lesion is then taken and in jected into a second experrmental animal. 


* Two of these rases were received from the Dlvisioa of Animal Nutrition, Adelaide, through 
the kindness of the Clilef and Mr. Lines. 
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After two or three such pgesages it is usually possible to recover 
B. necrophoTus in pure culture, or so slightly contaminated that it can 
be isolated by cultural methods such as growth in deep solid media. 
Some workers inject the contaminated material intravenously into 
rabbits, in which case necrotic lesions develop in the liver. We prefer 
the subcutaneous or intramuscular method. 

Pathology .—In footrot, the natural lesion seems to be essentially of 
a necrotic nature. There appears to be progressive death of the sensi¬ 
tive structures of the foot, followed, of course, by bacterial liquefaction. 
From the position of the lesion, this is to be expected, as there is every 
opportunity for. heavy contamination from the soil and faeces. But in 
the deeper regions of the lesion, near the junction of healthy and affected 
tissues, B. necrophorus appears to be the predominating organism, and 
in fact may often be seen in almost pure culture. 


2. Experimental. 

A large amount of experimental work with sheep has been carried 
out, of which a general outline of the tests made, with results, is given 
below. 

(i) Tests to prove the infectious nature of the condition. 

(a) A series of tests was set up whereby groups of clean sheep were 
placed in close contact with groups of chronic natural cases in small 
pens, where they remained for a period of four months. Control groups 
of equal size were held in adjoining pens under similar conditions, except 
that they were not in contact with affected animals. As this experiment 
was carried out during the dry months, the soil was kept moist by 
daily irrigation. Besutt: Xo footrot developed in the contacts (or in 
controls). 

(&) The above tests were repeated during the winter months, using 
the same sheep and the same pens. Result: All cont^ts developed foot- 
lot. Controls remained free. The experiment was repeated, using 
different pens. Result: C'ontacts developed footrot. Controls free. 

(ii) Effect of maceration alone, 

(a) Several groups of clean sheep vere kept standing in water for 
approximately 8 hours daily for a period of several weeks. Result: Xo 
footrot. 

(fe) Numbers of sheep were fitted with canvas boots (^‘footrot 
boots ’’) which were daily filled with water for a period of several weeks. 
Result: No footrot. 

(iii) Direct inoculation with pus. 

Numerous groups of animals have been lightly scarified between the 
digits and smeared with pus from natural cases. Early in the investi¬ 
gation, these tests were attended by negative results. Later experiments 
on similar lines, however, have given positive results in the majority of 
cases, particularly when the animals were kept under wet conditions. 



(iv) Inoculation with filtrates of material from naiural lesions. 

In order to determine whether or not a filtrable virus is associated 
with the condition^ the filtrate from an emulsion of diseased material 
which had passed through a bacteria proof (L2) filter was smeared on 
scarified areas on the feet of several groups of clean sheep at different 
times. Results: Negative in all cases. 

(v) Inoculation with pure cultures of individual organisms isolated 

from natural lesions. 

A number of different anaerobes were isolated and cultured. 
Separate sheep were scarified and inoculated with each organism, 
Results: Negative. 

(vi) Inoculation with cultures of B. necrophorus. 

Numerous groups have been lightly scarified and inoculated with 
pure cultures of this organism. Results: Most of the earlier tests were 
negative. Later experiments gave inconsistent results. More recent 
tests have given positive results in the majority of cases. 

(vii) Inoculation with culture of B. necrophorus isolated from natural 

case of bovine footrot. 

Two sheep and one calf were scarified and smeared with culture. 
Results: Definite and typical lesions developed in all three animals. 

(viii) Test to ascertain whether early cases of footrot will progress if 
the subjects are removed to thoroughly dry surroundings. 

Several very early natural cases were brouglit from the country and 
placed in a perfectly dry pen at the laboratory, where they were retained 
for 6 weeks. Footrot progressed to an extremely advanced stage, the 
hooves being shed in two cases. 


3. Treatment. 


The first step in the elaboration of any curative or preventive 
measures is to establish the cause, and most of our effort has been spent 
in this direction. On account of the numerous requests from sheep- 
owners for advice as to treatment, it was felt that something might be 
done in the meantime, even though such treatment were more or less 
empirical and only partially successful. Several methods of treatment 
and numerous proprietary preparations have been tested. As a result, 
we offer the following recommendations, which, we hope, may be im¬ 
proved upon as our work progresses. 


Preventive. —On properties where footrot is known to occur, the feet 
of all sheep should receive careful attention and should be closely 
watched. It is unnecessary to stress the point that prevention is better 
than cure and less costly. Overgrown feet should be trimmed, and, if 
infection is suspected, all animals should be passed through a suitable 
footbath once a week. Where the country is wet or where pasture is 
rich and heavy, beneficial results have been reported from the practice 
of providing small plowed areas here and there which form compar¬ 
atively dry “ camps for the animals. (It majr be noted how affected 
sheep themselves frequently seek dry spots such as banks of dams, on 
which to camp.) 
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Curative .—The first essential is prompt action. Only too often the 
first few lame sheep in a fiock are neglected until a large number have 
become affected. At the first si«i of trouble, the flock should be yarded. 
The visibly affected animals should be isolated, while the remainder 
should be passed through a footbath with the object of prevention. 

All affected animals should be kept isolated in a small convenient 
paddock and receive the following intensive treatment:—The affected 
feet should be thoroughly trimmed; all loose, under-run or separated 
horn should be removed; and the animals should then receive prolonged 
footbath treatment. On a property where footrot is prevalent, a well 
constructed and adequate footbath is an absolute necessity. The owner 
who tries to cope with footrot without a footbath is usually wasting his 
time and money. A concrete bath, in the form of either a race or a 
pen capable of accommodating 50 sheep or more according to the size 
of the flock, should be constructed. The solution to be used is a matter 
of choice. Numerous proprietary preparations are available, in respect 
to the efficacy of many of which very extravagant claims are made by 
the manufacturers. However, it can be stated that most of these pro¬ 
ducts will give results if used in the manner about to be described, as 
will agents such as copper sulphate (bluestone), formalin, and Monsol.’^ 
.The strengths recommended are— 

Copper sulphate—5% solution {= 1 in 20, or {> lb. to the gallon 
of water). 

Formalin—2% solution. 

Monsol—1% solution. 

Having pared the affected feet, the animals are placed in the footbath 
solution. They are not simply walked through the bath and out at the 
other end as is the common practice, but are held in the solution for 
at least one hour. The reason for this is obvious. It allows the anti¬ 
septic to penetrate the sinuses and pockets of pus in the affected foot. 
A mere walk through the bath does nothing more than wash the exposed 
surfaces, and no matter how efficient -an antiseptic may be, it clearly 
cannot be effective if it is not permitted to come in contact with the 
organisms against which it is being used. While it may suffice as a 
preventive, unsatisfactory results must always follow mere walking of 
animals through a footbath as a curative method. 

Therefore, we stress the point that the length of time the affected 
feet are allowed to remain in the» footbath is a most important factor. 
It is for this reason that we have recommended a footbath of large 
capacity. In the case of affected sheep, the treatment should be repeated 
several times at two-day intervals. We have been able to demonstrate 
that extremely advanced (chronic) cases readily recover under this 
intensive treatment. 

Similar results can be obtained by the use of footrot boots which 
are on the market. The canvas boot,” filled with an antiseptic solu¬ 
tion, is placed on the affected limb for a period of several hours. Wfliere 
a large number of animals are to be treated, the use of a footbath would 
be preferred by most owners. 

Bluestone is a cheap and effective solution, but it "has a disadvantage 
in that it stains wool. Formalin in 2 per cent, solution is even cheaper 
than bluestone 5 per cent. It is quite effective, and does not stain wool. 
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In addition, it has a desirable hardening effect on the affected feet. 
Where possible, sheep should be held in a shed or on a dry floor for 
several hours after footbath treatment. When animals are kept for a 
j)rolonged period in a footbath, the solution becomes fouled with drop¬ 
pings which float and which should be skimmed off after use each time. 
This adds to the length of life of the solution. We find that the same 
solution can be used 4 or S times at two-day intervals before having to 
be discarded. 


The question of local (external) dressings applied after trimming 
the affected feet has received consideration. Although the antiseptics 
are usually employed in more concentrated form in these cases, we are 
of the opinion that such dressings cannot be relied upon to give satis¬ 
factory results, on account of the impossibility of getting the antiseptic 
into all small pockets and sinuses. From the numerous preparations 
used, one of the following may be selected:— 


1. Picric acid—4 ounces 
Methylated spirit—1 gallon 




Apply with a brush. 


2. Powdered resin—lb., dissolved in 1 gallon of turpentine, then 
add Moiisol ’’—i pint. Shake or stir vigorously until a 

uniform mixture is obtained. Apply with a brush. 

It will be found that, as it dries, this second mixture forms an 
adhesive coating on the foot, thereby holding the antiseptic in contact 
longer than would otherwise be the case. 


8. Formalin—1 part, glycerine—9 parts. 


4. A mixture recommended by the Victorian Department of Agricul¬ 
ture, made as follows:— 

Stir into 1 quart of warm Stockholm tar 2 ounces of finely 
ground bluestone, and add 1 tablespoonful of lysol or 
Monsol.’’ ^^pply with a brush. 

The use of powerful irritants such as pure carbolic or hydrochloric 
acid, pure formalin, &c., is condemned on account of resulting destruc¬ 
tion of healthy tissue. 

The malignant ” or joint type of infection is much more difficult 
to deal with. It is best treated by surgical methods, i.e., opening the 
“ pocket ” of pus with a clean sharp knife, removing as much as possible 
of the necrotic tissue, and syringing out the cavity with an antiseptic 
solution such as hydrogen peroxide 1 part, water 3 parts. The pus 
pocket ” may then be packed with the following antiseptic powder:— 
Boracic acid and chlorinated lime (bleaching powder), equal parts. 

In this type of infection, the destruction of tendons and ligaments is 
frequently so extensive that permanent deformity of the joint remains. 

The treatment for cattle is similar to that recommended for the 
malignant ” type in sheep, and could be combined with footbath 
methods. 

Further work is in progress, by which it is hoped to confirm our 
tentative conclusions and to elaborate more effective curative and pre¬ 
ventive methods. The question of a preventive vaccine is being kept 
in view, although the nature of the disease probably does not offer great, 
possibilities in this direction. 
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Downy Mildew (Blue Mould) of Tobacco. 

I. The Influence of Over-Wintered Plants, II. Wild Hosts, 

and III. Spraying. 


By A. K HUl, B.Agr.Sc.* and H. R. Angell, Ph.D.1[ 

Summary. 

1. Over-wintering diseased tobacco plants were shown by microscopical 
examination and field observation to be sources of seedbed infection by downy 
mildew. 

2. N. gUmcat systemieally infected with downy mildew, was found growing 
in close proximity to seedbeds even in districts remote from tobacco-growing 
areas. 

3. Spraying seedlings with 2-2-40 Bordeaux mixture did not prevent the 
occurrence and spread of downy mildew when the disease was epidemic in 
neighbouring seedbeds. 

4. Downy mildew did not occur^early in isolated seedbeds, nor was it destruc¬ 
tive where the plants were grown under relatively dry atmospheric and soil 
conditions. 


1. Over-wintered Plants. 

Introduction .—The widespread occurrence of downy mildew in the 
tobacco-growing districts of New South Wales and Victoria during the 
autumn of 1932 led to the expectation that many diseased plants would 
survive the winter months and produce new growth bearing conidia to 
initiate and spread the disease in the spring. Since but little definite 
experimental work was previously done with the object of showing to 
what extent over-wintered diseased plants might be the source of out¬ 
breaks in seedbeds in commercial tobacco-growing areas, an attempt was 
made in 1932 to determine their importance under those conditions. 

On account of the absence of wild hosts of the downy mildew 
fungus and because of its relative nearness to the research laboratories 
at Canberra, the Tumut district was selected for the work. 

Importance of Over-Wintered Plants .—Diseased plants growing in 
the experimental plots at Canberra during 1930 were examined from 
time to time, and areas bearing conidia were found on them in autumn. 
Microscopic examination at that time showed that mycelium was 
present in the leaves, stems, and roots. The aerial portions of the 
plants were, as usual, killed by frosts during the winter, but the basal 
portions remained alive, and the dormant underground buds began 
growing during the early part of September. Some of the shoots were 
removed before they reached the level of the surface of the soil, and, 
after being sectioned and stained, were examined under the micro¬ 
scope. The mycelium of a coenocytic fungus was found growing inter- 
cellularly in the tissues of the young shoot. In the following month, 

* Plant Pathologist, Australian Tobacco Investigation. 

t Senior Research Officer, Division of Plant Industry, Council for Scientiflo and Industrial 
Research. 
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other shoots on the same plants, which were allowed to grow above 
ground, showed the characteristic symptoms of the disease. It was 
evident that downy mildew survived the winter as mycelium in the 
plants, and that the disease on the new spring growth arose from it and 
not from external sources. 

The production of conidia on over-wintered plants in farmers^ fields 
was repeatedly observed during the past four years. The importance of 
such plants as a source of infection of seedlings in spring was recorded 
by Adam(l) and the Writers(2). 

Further evidence presented in this paper serves to emphasize the 
necessity for eradication and destruction of tobacco plants immediately 
harvesting is completed. 

Cvltural Practice in Relation to Over-Wintering Plants .—The bulk 
of tobacco grown in New South Wales and Victoria at present is pro¬ 
duced on river flats which are subject to flooding during the winter 
months. If such fields are cultivated during autumn and winter, the 
occurrence of floods, usual in spring, may result in a considerable 
amount of soil erosion. Tobacco fields, therefore, are often left 
uncultivated until a few weeks before they are required for the following 
season^s crop. Under such conditions, the majority of the plants from 
which the leaf has been harvested. remain alive during the winter 
months of June, July, and Au^st. Some of the plants are killed by 
flood waters, but others remain alive and may even produce leaves 
throughout the‘winter, the young shoots being protected from slight 
frosts by the old or dry leaves overhanging them. In most cases, how¬ 
ever, the aerial portions of the plants are killed by frosts, but the 
crown and roots remain dormant until the following spring, when new 
shoots are produced. Fields of such plants are commonly seen in 
tobacco-growing areas during September, October, and November. 

As seedbeds are sown in July, August, and September, the main 
sowings being completed in August, and transplanting is done during 
November and December, the danger of infection from over-wintered 
plants is evident. 

According to Dickson(5), flood waters in New South Wales and 
Victoria during the winter of 1931 covered practically all the land 
planted to tobacco in the previous season, the over-wintered plants 
being killed thereby. The absence of such plants, the use of clean seed, 
and a comparatively unfavorable season for downy mildew, resulted 
in late development of the disease instead of early in the season as is 
usual. Consequently, a plentiful supply of seedlings was available for 
the 1931-32 season. 

As the disease is more or less severe each year in the areas where the 
main crops are grown, Victorian growers endeavour to sow seedbeds 
in dry localities far removed from such districts. The extension of 
commercial tobacco production to the drier seedbed areas during the 
1981-82 season resulted in the establishment there of over-wintering 
plants. 

During the spring of 1932, it was consequently difficult to find 
an area suitable for seedbeds that was also remote from over-wintering 
plants and accompanying tobacco diseases prevalent during the previous 
season. Under the circumstances, the seedlings were likely tp be 
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attacked by diseases which were present on plants in the district, A 
survey of the areas concerned showed that this factor was one of those 
responsible for outbreaks of downy mildew during the 1932-33 season. 

Observations in the Tumut area in 1932.—^While conducting spray¬ 
ing experiments in the Tumut district during the spring of W32, old 
tobacco stalks were located, and observations made on the dates of 
appearance of the disease on them and subsequently in the nearby 
aeedbeds. 

In this area, tobacco is grown on river flats in narrow valleys sur¬ 
rounded by mountainous country which isolates the district from other 
agricultural areas. While on visits to the fields in the autumn of 1932, 
it was observed that plants in many of them were seriously affected 
with downy mildew. On 16th August, another examination showed 
that many plants from the previous season were still alive and pro¬ 
ducing new growth. In one field, the lower surfaces of some young 
leaves measuring 5 inches in length, were covered with .conidiophores 
and conidia of the downy mildew organism. Seedbeds were actually 
being sown in the district at that time. Three weeks later, over¬ 
wintering diseased plants were still present in the,fields, and at the 
same time, seedlings were developing in the seedbeds throughout 
the district. 

As the conidia were seen on the leaves of the over-wintered plants 
as early as 16th August, early infection in seedbeds was expected. On 
18th October, other over-wintered plants with a profuse development 
of conidia were found, and within 300 yards was a seedbed that had 
downy mildew. In the seedbed, the disease was not on scattered indivi¬ 
duals but on groups of plants. Seedlings from the same lot of seed, 
sown lialf a mile further from the over-wintered plants than those just 
mentioned, did not become diseased until 14th November, i.e. 26 days 
later. On 30th October, the disease also attacked other seedlings nearer 
the over-wintered plants but in the opposite direction. 

An attempt was made to trace the spread of the disease throughout 
the district, but owing to the disinclination of many farmers to admit 
so early in the season that it was then present, it was impossible to carry 
out the plan. Infection was reported from a number of seedbeds two 
weeks after the above-mentioned outbreak of 18th October. 

The experimental seedbeds sown during the first week of September 
were situated at intervals of approximately i mile from over-wintered 
diseased plants. On 29th October, disease was observed in the nearest 
one i mile away, on 9th November in another f mile away, but the 
seedlings at a distance of 1 mile remained healthy until 28th November. 
This may be taken as indicating that the disease spread in ever- 
widening circles from the over-wintered plants and from the earlier 
attacked seedbeds, the number of conidia in the meantime increasing 
from the relatively few thousands on the original plants to countless 
millions produced in each seedbed every day. Those seedlings farthest 
removed remained healthy for the longest time, provided the organism 
was not introduced into the seedbed on the clothes and implements of 
workmen. 

The association of over-wintered diseased plants with the initial out¬ 
break and subsequent spread of downy mildew to seedbeds definitely 
.shows the importance of such plants as sources of infection. 
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2 . Wild Hosts. 

Introduction, —In a previous publication(2), the writers briefly 
discussed the host plants and the history and geographic distribution of 
of the downy mildew fungus. It was shown by inoculation experiments 
that about twenty, and therefore probably all, species of the genus 
Nicotiana including N, glauca Graham and N, suaveolena Lehm., which 
are widespread in Australia, are susceptible to downy mildew. The 
importance of these plants as carriers of the disease is more than is at 
present realized by tobacco growers. Both species probably occur in 
all the States of the Commonwealth. 

iV. glauca—Tree Tobacco, —The comparative drought resistance of 
N, glauca was perhaps one of the reasons for its use as a hedge plant 
and as an ornamental shrub in gardens many years ago. Later, it 
.escaped from cultivation and became established in many localities. It 
now occurs near Charters Towers, Queensland, is fairly common in 
dry districts north of Adelaide, South Australia, and has been observed 
by the writers at Tam worth in the north and Deniliquin in the south 
of New South Wales, in the Murray River Valley from Corowa to 
Cobram, at Shepparton in the Goulburn Valley, and also near Sea 
Lake and Melbourne, Victoria. In many cases it occupies compara¬ 
tively small areas near townships, but in other localities it is spread 
over large areas, and it would therefore be difficult, if not impracticable, 
to eradicate it. Because N, glauca is considered a poisonous plant, 
it has been declared a noxious weed in many shires of New South 
Wales(6). The plant may therefore be a source of loss both to tobacco 
growers and stock-owners. (Plate 2.)* 

N, svaveolens, —Another species of wild tobacco, N, suaveolens, is 
regarded by some as native to Australia. Bailey(3) records three 
varieties, long!flora, parviflora, and Dehneyi in Queensland. Black(4) 
records N, suaveolem and N, excelsior in various localities in South 
Australia. McAlpine(7) observed downy mildew on N, suaveolens in 
Victoria, and this plant was reported in 1932 by Pittman(8) as a host 
of downy mildew in Western Australia. According to Stewart (10), 
it caused the death of some bullocks near Narrabri, New South Wales, 
in 1908, and that it was poisonous to sheep was also shown by Seddon 
and McGrath(9). It has not been reported from Tasmania. This 
plant, therefore, like N, glauca, is both poisonous to stock and a host 
for downy mildew of tobacco. Its occurrence in northern New South 
Wales may possibly be correlated with the appearance of downy mildew 
in tobacco, for it was in this area that the disease is commonly believed 
to have been first seen in Australia. 

Both N, glauca and N, suaveolens tend to be restricted to localities 
having an average rainfall of about 25 inches or less. At Deniliquin 
and Cobram, in 1932, the former was severely attacked by downy 
mildew, the young shoots being in some cases killed by the disease. 
Conidiophores and conidia were seen on the affected leaves. Nearby 
tobacco seedbeds were seriously attacked. As this plant is a perennial 
shrub, the mycelium of the fungus is able to persist from year to year 
in the stems, from which it grows into the leaves and produces conidia 
by which the disease is spread to tobacco seedbeds. 


See Plates faelng page 808. 
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* It is therefore essential for growers to ensure that neither N. 
^aveolens nor N. glauca occurs near the site of the seedbed. If 
eradication is impracticable, another site should be selected in an area 
where neither wild hosts nor over-wintering plants occur. 


3. Spraying Experiments, 

(i) Introduction .—Bordeaux mixture is the fungicide most exten¬ 
sively used for the control of downy mildews other than that on 
tobacco. This spray material gives a useful measure of control of 
some diseases, if the foliage can be readily wetted by it, but as some 
of the leaves of tobacco are close to, and parallel with, the ground, 
wetting their lower surfaces with spray is a difficult matter. Since 
infection of tobacco by downy mildew takes place at any stage of 
growth, and on any part of the surface of the leaf, it is necessary from 
shortly after germination to cover both the upper and lower leaf surfaces 
with spray. 

Nevertheless, the spraying of isolated seedbeds may possibly be^ of 
some value, as the number of conidia present in the atmosphere around 
remote seedbeds would be fewer, and the plants would be given 
partial protection by the fungicide. 

The spraying experiments conducted at Tumut and Canberra by 
the writers(2) during 1931 did not give promise of an effective means 
of control of downy mildew, but more experimental work was considered 
necessary before recommendations were made. As previous experiments 
showed that repeated applications of 4-4-40 Bordeaux wore harmful 
to seedlings, a 2-2-40 mixture was used. 

(ii) Tumut Experiments .—^At Tumut, in 1932, a series of five seed¬ 
beds, each approximately 20 square yards in area, was set out at 
intervals of about ^ mile in a section comparatively isolated from other 
seedbeds. Seed of the variety Warne was sown on 8th September. The 
seedbeds were covered with butter muslin until the seedlings were estab¬ 
lished, about 4-5 weeks after sowing. Spraying with 2-2-40 Bordeaux 
mixture was begun on 15th October when the plants were three weeks 
old, and was continued at five-day intervals, one-half of the seedbed 
area in each case being sprayed and the other half left as a control. 

On 17th October, downy mildew was first reported from a farmer^s 
seedbed about i mile distant from experimental seedbed No. 1. Several 
diseased plants were present in the unsprayed section of seedbed No. 1 
on 29th October, and 16 days later the disease had spread throughout 
both sections. At the time the first infection was observed, the leaves 
,of the largest seedlings were i inch in diameter. Infection became 
general throughout both the unsprayed and sprayed seedlings before the 
plants were fit for transplanting. The protection afforded by the 
spray was therefore of no practical value. 

Diseased plants were first seen on 9th November in the unsprayed 
section of seedbed No. 2, which was approximately i mile distant from 
seedbed No. 1 and S mile from over-wintered diseased plants. In the 
sprayed section, the disease was seen 15 days later. During the interval, 
one lot of plants suitable for transplanting was taken from the sprayed 
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bed^ In this case, therefore, the spray gave useful protection for 1 to ^ 
weeks. More effective protection might have been given by spraying 
all the beds. 

Seedbed 'No. 3, situated 1 mile from the over-wintered diseased 
plants, was in a sunny position on well-drained, sandy soil, such a 
location being deemed comparatively unfavorable to the onset and 
spread of downy mildew. On 28th November, diseased plants were 
found in both the sprayed and unsprayed sections of this seedbed^ 
Previous to this date, two lots of plants were taken for transplanting. 
The disease spread comparatively slowly and was less severe in the 
sprayed section. 

Downy mildew was also found in seedbeds 4 and 5 on 28th 
November, the disease appearing in sprayed and unsprayed sections of 
seedbed 4, and in the unsprayed section of seedbed* 5. It was found 
in the sprayed section of the latter seedbed, 9 days later. Seedlings 
were obtained from both these seedbeds before downy mildew occurred, 
and an extra lot was obtained from the sprayed section of seedbed 6. 

The location of the seedbeds in relation to over-wintered diseased 
plants is shown on the accompanying plan (Fig. 1), while the 
occurrence of downy mildew in the seedbeds is shown in Table I. 



Fio. 1.—Showing the location of es^rimental seedbeds, 
referred to in the text as ifos. 1-5, in relation to 
over-wintered diseased plants at A. The 
earliest reported outbreak of downy mildew in 
the district was in seedbeds at B., and the site 
of other seedlings, which remained healthy for a 
longer period, is shown at C. The latter were • 
from the same seed as was sown at B. The 
seedbeds at D. were also diseased. 


Discussion .—In these experiments, the protection afforded seedlings 
by Bordeaux mixture varied from 0 to 16 days. As the disease attacked 
some of the seedlings when they were tob small for transplanting, the 
protection of 16 days was, in this instance, of no practical value, bii* 
from the sprayed sections of two other groups of seedbeds one extra 
lot of seedlings was obtained. 
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In each group, the unsprayed section was adjacent to the sprayed. 
Therefore, as soon as the disease attacked either section, sufficient 
conidia were produced to infect all plants in the seedbed^ in spite of 
the fungicide. On account of the mode and rapidity of growth of 
seedlings, complete protection by sprays or dusts is very difficult, if 
not impossible, to obtain in practice. 


Table I.— Occurrence of Downy Mildew in Sprayed and 
TTnsprayed Seedbeds at Tumut, 1932. 


Seedbed 

Number. 

Distance from 
Over-wintered 
Plants showing 
Disease on 

18th October. 

Occurrence of Disease 
in Seedbeds. 

Protectiw 
by Spraying.^ 

Usefulness of Spray. 

Unsprayed. 

Sprayed. 

1 

1 mile 

29 Oct. 

15 Nov. 

16 days 

None. Seedlings too 
small for use as 
transplants ^ 

2 

1 

I mile 

9 Nov. 

24 Nov. 

15 days 

One picking of plants 
from sprayed seed¬ 
bed 

3 

1 mile 

28 Nov. 

i 

28 Nov. 

None 

i 

None 

4 

miles 

28 Nov. 

28 Nov. 

None 

None 

1 

5 

2 miles 

28 Nov, 

7 Dec. 

* 

9 days 

One extra picking of 
plants from sprayed 
bod 


The seedbeds were attacked in the order of their distance from the 
original focus of infection, the earliest attacked being those nearest 
the diseased, over-wintered plants. It appears, therefor,e, that isolation 
from sources of infection was of more practical value than the use of 
the fungicide. Many instances have been brought to our notice of 
isolated seedbeds that remained disease-free for long periods, sometimes 
until after the transplanting season was over. In other instances, they 
were infected by persons who had previously been handling diseased 
plants. The importance of man as an agent in introducing the disease 
was further emphasized by the writers^ experience at Canberra, where 
research work on dowmy mildew was in progress under glasshouse and 
field conditions. On three successive occasions, the disease was 
purposely introduced, and after each general infection, all diseased 
seedlings were destroyed and fresh sowings made after inter¬ 
vals of several weeks. Unless the disease was deliberately 
introduced by us, seedlings remained healthy, even though 
conditions were most favorable for its development. It was 
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necessary in every case to obtain diseased material from tobacco- 
growing dist):icts in order to infect the first plants in the glasshouse 
or field. From these infected plants^ the disease spread to all others 
in the glasshouse. After the disease was introduced, the only method 
of eradicating it was by the destruction of all tobacco seedlings and 
plants. 

In tobacco-growing areas, eradication of diseased tobacco seedlings 
is impracticable, because that procedure may involve the loss of the 
year’s crop, but eradication of unused, seedlings and of plants after 
harvesting involves no loss, while the time and money spent in doing 
it is an investment that will minimize loss in the following seasons. 

The use of clean seed, and freedom from diseased over-wintering 
plants throughout an entire district, would very materially assist in the 
production of healthy seedlings throughout the season, or, if the disease 
appeared, its chances of causing serious loss would be lessened by its 
delayed appearance. 

(iii) Canberra Experiments ,—^Four seedbeds, each 18 square yards 
in area,* separated by distances of approximately 25 yards, were sown 
in the experimental plots of the Council for Scientific and Industrial 
Research at Canberra on 22nd August. Spraying with 2-2-40 Bordeaux 
mixture was commenced on 21st October, and was continued at five- 
day intervals on three of the seedbeds. The other seedbed served 
as a control. Towards the end of October, it was found necessary 
to introduce downy mildew from the Tumut district, situated about 
70-80 miles away in a westerly direction. Seedlings in the glasshouse, 
about 100 yards distant from the seedbeds, were inoculated with the 
introduced material, and became infected. The disease spread rapidly 
in the glasshouse, and from the glasshouse to the unsprayed bed, in 
which it was seen on 22nd November. In the two nearby sprayed seed¬ 
beds, it appeared on 2nd December, and in the most distant sprayed 
seedbed on 12th December. The experiment was then discontinued. 

On account of the presumably unfavorable climatic conditions at 
the time, the disease did not spread rapidly even among the unsprayed 
seedlings, and only comparatively few seedlings in the sprayed beds 
were attacked. 

Discussion ,—In experimental work during the past four years 
it has been found that climatic conditions at Canberra (high tempera¬ 
ture, low rainfall and humidity) are comparatively unfavorable to 
downy mildew during the late spring and summer months. Control 
measures based on experiments in this or other areas with a similar 
climate may not be effective when applied in districts where the climate 
is different and the disease is in consequence epidemic every year. 

Two sprayed seedbeds remained free of disease for 10 days, and 
the third seedbed for 20 days after the unsprayed seedlings were ^ 
attacked, but the disease did not spread very rapidly either in the 
sprayed or unsprayed seedbeds. On the other hand, the disease was 
epidemic in similar seedbeds at Tuj^i^ut at about the same time. 
Climatic factors, therefore, were probably more important than the 
spray in the control of the disease. In Tumut, seedbeds on a v^ell- 
drained sandy soil in a sunny position were less seriously attacked. 



In commercial tobacco areas, therefore, more attention should be ^ven 
to choosing a seedbed site that is well drained, in a sunny position^ 
and if possible on sloping land, to allow of adequate air draina^. 
These precautions will tend to delay the attack and rapid, destructive 
spread of the disease. 
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Addendum. 

An examination of the tobacco-growing districts and seedbed areas 
of southern New South Wales and Victoria early in September of this 
year (1933) showed that conidia were being produced in abundance 
on ovej-wintered plants which were present wherever tobacco was grown 
during the previous season^ In many cases, such plants were found 
within a few yards of seedbeds in which the seedlings were still young. 
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Foot and Root Rots of Wheat in Australia. 

The Influence of the G>mbined Action of Fusarium calmorwn 
(W.G. Sm.) Sacc. and Uroq/stis tritici Koem. on the 
Occurrence of Seedling Blight. 

By W. L Geach, B.Sc* 


Summary. 

1. During the past three seasons, an unusual amount of seedling blight was 
observed under glasshouse conditions among plants grown in unsterilized soil 
from grain inoculated with spores of Urocyaiis tritici. Isolations from the 
affected plants yielded Fuaarium spp., generally F. oulmorum, and Helminth}- 
aporium aafioum, or both. 

2. In an adjoining glasshouse, plants grown from grain inoculated with 
F. culmorum, or in soil iinx^ulated with H. sativum, were not so consistently 
nor severely attacked by seedling blight as those in the flag smut experiments 
referred to above. 

3. When grain was inoculated wdth a mixture of spores of U. tritici and 
conidia of F. culmorum, a greater amount of seedling blight occurred than 
among plants from grain inoculated with either of these organisms alone, 
whether in the field or in pots containing sterilized or unsterilized soil. In coU' 
trast with this, a comparatively small amount of seedling blight occurred under 
the same environmental conditions among plants from grain inoculated with only 
F. culmorum or U. tritici. 

4. Under field conditions, varieties highly resistant to U. tritici were only 
comparatively resistant to seedling blight due to the combined attack of the two 
organisms. 

6. The two organisms acting together under ordinary field conditions are 
partly responsible for poor stands. 

0. It is possible that V. tritici or other smuts, in combination with other foot 
rot pathogens, may yield results similar in general effect to those reported in 
this paper. Preliminary experiments indicate that this is the case with 
H. sativum and U. triUci. 


I. latroduction. 

During the years 1930-33, an unusually large amount of seedling 
blight consistently occurred among wheat plants that were being grown 
in an unheated section of the glasshouse for testing varietal resistance 
and susceptibility to flag smut. The soil was unsterflized, and of *a dark, 
sandy, alluvial type, and the inoculum consisted of flag smut spores with 
which the grain was coated. At and above the soil-line, typical 
symptoms of seedling blight appeared. The coleoptiles changed from 
the normal green to brown, the leaves yellowed and withered, and the 
plants died after the bases of the stems were rotted through. Some¬ 
times, the aerial mycelium of a species of Fusarium could be readily 
observed around the bases of the affected plants. The symptoms 
appeared on seedlings up to the time when they were about 4 inches 
high. Those passing that stage continued apparently normal growth 
until later on when symptoms of flag smut usually appeared. 


• Asslitant Ectewch Offloer, lEvIiloii of Plant Industry, Canberra, F.C T. 
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Isolations from the blighted seedlings usually yielded species of 
f'usarivm, generally F. culmorum (W.G. Sm.) Sacc., or Helmintho- 
sporium sativum P.K.B. or both. 

During the same period, the writer was engaged in the study of the 
factors influencing the degree and amount of seedling blight and other 
manifestations of foot rot caused by F, (mlmorurrL In experiments 
specifically designed for this purpose, such consistently good infection 
as that in the flag smut trials above noted was not obtained, even though 
the plants were grown in sterilized soil, from seed inoculated with a 
heavy suspension of conidia, and under environmental conditions con¬ 
sidered optimal for the disease. 

On comparing the results in the two glasshouses, it was quite evident 
that a most important factor was influencing the amount of seedling 
blight in the flag smut experiments. That factor is shown by the 
experiments detailed in this paper to be the combined action of a smut 
and a root-rotting organism, in this case, U. tritici and F. culmorum. 

2. The Organisms. 

Fnsarium culmorum (W. G. Sm.) Sacc. 

In a previous paper(9), the writer showed that F. culmorum is one 
of the causal organisms of foot rot of wheat in Australia. Material 
from 87 fields out of 190 inspected during the 1932 survey*of part of 
the Eiverina, Mallee, and Wimmcra districts, yielded cultures of species 
of Fusarium of the discolor type. A number of the isolations, 
representative of the districts visited in the course of the survey, were 
tested under glasshouse conditions, and about 90 per cent, of them were 
found to be pathogenic on wheat. Judged by the macroscopic 
appearance and pathogenicity of the isolations, they were cultures of 
F. culmorum. 

The inocula used in the experiments reported in this paper were 
conidial suspensions from sub-cultures- of the isolation from the wheat 
variety “ Purple Straw originally obtained from Longerenong, Vic¬ 
toria. This culture was selected on account of its abundant production 
of sporodochial conidia and its relative virulence. 

Urocystis tritici Koern. 

Flag smut of wheat caused by U. tritici Koern occurs in Australia, 
Japan,’ India, the United States of America, S. Europe, S. Africa, and 
China. 

According to Hori(12), McAlpine(14), and Brittlebank(3), 
U. tritici is seed-borne. Verwoerd(21) reports that the spores easily 
adhere to the grain and are found in great numbers in the crease and 
brush. It is also obvious from the results of experiments that they are 
present in the soil in areas where flag smut occurs, and may persist in 
it for five years or more. 

Ifoble(17), Verwoerd(21), and others have attempted to culture 
TJ. tritici on various artificial media, but without success. In the pre¬ 
sent state of our knowledge, it must therefore be regarded as an obligate 
parasite. 
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Infection by U. tritici is possible only during a limited period, stated 
by Noble (17) to be during the time when the coleoptile is less than 
4 mm. in length at inoculation, and by Verwoerd (21) as being from 
the emergence of the coleoptile to its rupture by the first leaf. 

The inoculum*** used in the experiments recorded here was obtained 
from plants growing under field conditions, and it was therefore 
naturally expected that spores *of other organisms were likely to be 
present. Under the microscope, it was observed that the samples of 
inoculum contained spores of AUernaria and a few rust spores, the 
former occurring very much more frequently. From time to time, 
jdatings were made, totalling altogether about twenty. Cultures of only 
Altemaria spp., Penicillium spp., and bacteria resulted. 

3. Materials and Methods. 

(i) Grain ,—The varieties selected for pot experiments were Federa¬ 
tion and Bomen, the former classed as relatively suspectible to, and the 
latter relatively resistant to, flag smut. Before inoculating and plant¬ 
ing, the grain was washed in running tap-water for fifteen minutes. 
The controls were sown without further treatment, whereas other lots 
were inoculated by dipping them in heavy suspensions of spores 
of U, tritici, or of sporodochial conidia of F, culmorum, or a mixture 
of both, as required. The grain was sown immediately following treat¬ 
ment. 

(ii) Soil .—A dark, sandy, alluvial soil obtained from a nearby 
river valley was used in all pot experiments, either with or without 
previous sterilization by steam. For those experiments in which steri¬ 
lized soil was used, 6-in. pots were filled, and then steamed for four 
hours or more at atmospheric pressure. 

4. Results of Experiments in the Glasshouse. 

In all but bne of the experiments, 100 grains of the selected wheat 
variety were sown in pots at the rate of 10 grains per pot for the control 
and for each of the inoculated sets. On completion of germination, 
and subsequently at intervals of two weeks, the seedlings were counted, 
and the numbers of dead plants visible were also recorded. The latter 
are not given in the accompanying table. As previous experience 
showed that whiteheads were rarely produced in pot experiments in the 
glasshouse, probably no useful purpose would have been served by allow¬ 
ing the plants to mature. Since any attempts to assess the amount of 
damage done by root or foot lesions involved a certain amount of error 
and difficulty, it was decided that, in this series of experiments, death 
due to the disease would be the most suitable standard to employ. In 
two experiments, the plants that survived the seedling stage were allowed 
to grow almost to maturity, and then examined. However, the majority 
of those in the mixed inoculum set had no lesions on the roots nor on 
the bases of the stems. About one-tenth were smutted, and the others 
wei;e more or less affected with foot or root rot. 

* The flag smut inoculum was very kindly supplied by Miss P. H. Jarrett of this Laboratory, ' 
who Is at present Investigating certain aspects of that disease. 
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Table 1 gives the results .of five experiments with Federation wheat 
in sterilized soil, one with the same variety in unsterilized soil, and 
another in soil used in a previous experiment and then repeated, using 
the soil as the sole source of inoculum for the second experiment. Tests 
with the relativeljr resistant variety Bomen are included. The table 
shows that the trials were made over a period of six months, during 
which the temperature of the glasshouse varied considerably. The pre¬ 
vailing temperature seems therefore to have been a modifying rather 
than a limiting factor in these experiments. It follows that the results 
of the different experiments, as presented in the tables, should be con¬ 
sidered separately. 


Table 1.—Showing the Amount of iSbedling Blight Resulting 
FROM the Use of Different Inocula under Glasshouse Conditions. 


— 


111 

S ox 

pi 

ill 

Observed dead. 

Per rest, stand 
basSd on final stand 
in controls. 

Period of observation 
and average ghisshoiise 
temperatures. 



(A) 

(B) 

(A)-(B) 


■ 

Federation wheat sown 

Control 

425 

406 

19 

100 

May~-14 4®C-24®C 

in sterilized soil; 

F. culmorum .. 

422 

388 

34 

95 

June—12-2*0-22-2“C 

5 experiments >= 450 

U, tritici 

431 

389 

42 

95 

July—11-3°C-19«°0 

grains 

Mixed inoculum 

408 

299 

109 

73 

Federation wheat sown 

Control 

97 

90 

7 

100 


in unsterilized soil; 

F, culmorum ., 

97 

90 

7 

100 

2l8t Mar.~23rd June. 

1 experiment=100 

(7. tritici 

99 

93 

6 

103 


grains 

Mixed inoculum 

96 ! 

83 

13 

92 


Bomen wheat sown in 

Control 

203 

203 

0 

100 


sterilized soil; 3 

F, culmorum .. 

m 

157 

37 

77 


experiments = 240 

U. tritici 

215 

187 

28 

90 

27th Jnly-28th Aug. 

grains 

Mixed inoculum 

106 

-131 

64 

64 

Federation wheat in 

Control 

199 

199 

0 

100 

• 

soil originally steril¬ 

F. culmorum .. 

167 

144 

23 

72 

4th July<-14th Aug. 

ized for use in a 

U, tritici 

187^ 

172 

15 

86 

f ormer experiment 
with F, culmorum 1 
and U, tritici and i 
used again without 
re-inocuiation of 

grain 

Mixed inoculum 

156 

91 

65 

45 

1 

1 


The mixed inoculum produced a much higher percentage of seedling 
blight than either organism acting independently, the distinction being 
more marked in sterilized than unsterilized soil. Certain factors other 
than temperature, as above noted, which interfered with quantitative 
replication of results, are being investigated. Experiments with* a 
mixed inoculum consisting of H. sativum and U, tritici in sterilized soil 
under glasshouse conditions have so far given results paralleling those 
above, but sufficient data to warrant presentation of figures are not yet 
available. No seedling blight was observed, but a number of seedlings 
showed lesions, which in many oases extended along the sheaths of the 
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lower leaves. Other lesions were observed on the laminae. In contrast 
with this, at no examination so far made of the plants in this experiment, 
and only very occasionally in the course of other experiments during 
the past three years, were lesions noticed on stem bases or leaves of plants 
arising from grain inoculated with H. sativum only. 

Isolations from the stem and leaf lesions of the infected plants 
yielded cultures of H. sativum. 


5. Pot Experiments Out-of*Doors. 

It is well known that out-of-doors a more nearly normal 
type of growth is obtained, even in pot experiments. that 
was not, however, the original purpose in trying the first of 
this series outside, which was to observe the effect of the disease 
at a lower temperature than could be obtained in the glasshouse. The 
results are shown in Table 2. The disease was not expected in the 


Table 2.—Showing the Amounts of Seedling Blight Resulting 
FROM THE Use of Different Inocula in Pots Out-of-Doors. 


— 

j_ 

mtxlmiijn stand 
of apparently 
healthy plants. 

Final stand of 
apparently 
healthy plants. 

Observed dead. 

Per cent, stand 
based on final stand 
in controls. 

Period of observation 
and temperatures. 



(A) 

(B) 

(A)-(B) 



federation wheat in 

Control 

96 

96 

0 

100 

6 th May—^21bt July 

sterilized soil; 1 

F, culmorum .. 

96 

89 

7 

92 

6th May—18th ..14 

experiment ==: 100 

U, tritici 

100 

94 

6 

98 

days after planting. 

grains 

Mixed inoculum 

94 

44 

50 

46 

av. temp. 3®C-17®C 







av. temp. June.— 







4-7'’C-13-3“C: av. 







temp. July.—8* 6°C 







-15'6^0 

federation wheat in 

Control 

98 

98 

0 

100 


unsterilized soil 

F, culmorum .. 

96 

93 

2 

94 

14th June-28th Aug. 

1 

U, triad 

93 

91 

2 

92 



Mixed inoculum 

98 

89 

9 

90 


Bomen wheat in steril¬ 

Control 

100 

100 

0 

100 

1 

ized soil 

f. culmorum .. 

96 

92 

4 

92 

14th June“7th Aug. 


U. triad 

97 

96 

1 

96 



Mixed inoculum 

94 

61 

33 

61 


Bomen wheat in un¬ 

Control 

• 

97 

97 

0 

100 


sterilized soil 

F. culmorum ., 

97 

96 

2 

98 



U. tritici 

96 

95 

0 

1 98 

30th May-16th Aug. 


Mixed inoculum 

96 

89 

7 

1 92 


federation wheat in 

Control 

186 

178 

7 

100 

26th June-3rd Aug. 

sterilized soH. After 

F. culmorum .. 

> 193 

176 

18 

98 

Average temper¬ 

a fortnight in the 

U. triad 

186 

180 

. 6 

101 

ature in glasshouse 

glasshouse the pots 

Mixed inoculum 

173 

113 

60 

63 

after planting 12^C 

were removed to a 






-20°C « . 

bench out-of-doors 





1 
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virulent form obtained in the comparatively warm conditions prevail¬ 
ing inside, because the optimal temperature for infection by F, cyl^ 
morum is from 18°C.-22®C. On several occasions in May, the tempera¬ 
ture outside rose to about 20°C., but was not maintained for more than 
an hour or two, even during the hottest part of the day. On the other 
hand, in the same month, it was often only just above freezing-point at 
9 a.m. According to records of soil temperature made during May, 
the average minimum and maximum, taken at 9 a.m., and noon at a 
depth of 1 inch, was 3°C. and 17°C. respectively. Lower average 
temperatures prevailed during the succeeding winter months, when a 
number of frosts occurred at night. The average soil temperatures, also 
taken at 1 inch at 9 a.m. and midday respectively in June, were 4.7°C. 
and 13°C., and in July, 8.6°C. and 15.5‘^C. Watering was not required 
as often as in the glasshouse, since occasional showers and heavy dews 
contributed to the supply of soil moisture. 

It will be observed from Table 2 that the trend of the results is 
essentially the same as in Table 1, in that the percentage stand in pots 
which were sown with grain treated with the mixture of the two 
organisms was much lower than in the other sets (Plate 3).* Seedling 
blight was produced more slowly by the mixed inocqlum in unsterilized 
soil than in sterilized soil. 

From the diseased plants in the mixed inoculum sets, cultures of 
F, culmorum were repeatedly obtained. 

6. Field Experiments. 

Four plots, each measuring 48 feet x 12 feet, separated by 4 feet path¬ 
ways, were prepared for preliminary field trials in May, 1933. The 
soil of the experiment area was a light-coloured, silty loam, somewhat 
deficient in humus, and was used for experimental work with F. cul¬ 
morum during the previous season. Plot No. 1, used as a control, was 
sown with uninoculated grain. No. 2 with grain inoculated with spores 
of f/. triticiy No. 3 with F, culmorum, and No. 4 with a mixture of both 
these organisms. Twelve varieties of wheat were chosen for trial, viz., 
Canberra, Federation, Aussie, Caliph, Gluyas, and Waratah, reputedly 
susceptible to flag smut, and Bomen, Bunyip, Cedar, Galgalos, Geera- 
lying, and Nabawa, classed as resistant. Itews of resistant and sus¬ 
ceptible varieties alternating were planted 1 foot apatt, each with 39 
grains at intervals of 4 inches. 

The original jjurpose of the tests was to compare the effects of the 
three inocula on the plants at maturity, but during an examination made 
in June, when the plants had begun to tiller, it was evident that the 
organisms in the mixed inoculum plot Were already causing an appre¬ 
ciable and unexpected amount of seedling blight. 

No records of soil temperature were taken at the depth at which 
the grain was sown, i.e., approximately inches, but it may be judged 
from the average minimum and maximum air temperatures and the soil 
temperatures at 4 inches below the surface. During the first fortnight 
following planting, the average minimum and maximum temperatures of 
the air were 5.5®C. and 14.7°C. In May, the average minimum and 
maximum temperatures of the soil at 4 inches were 8.9®C. and 11.7°C., 
in June 5.6°C. and 8.3°C., and in July 5.6°C. and 7.8°C. 


For Plates see facing page 808. 
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In the accompanying table, the stand of each variety in the control 
plot on 22nd June and Ist August, is compared with those in the three 
inoculated plots. The percentage stands, on 1st August, of plants of 
each variety in the mixed inoculum plot are calculated on the basis of 
the number in the controls. The total numbers of plants standing on 
the stated dates, and the percentage stand in each plot on Ist August, 
are also given. A striking feature in this table is the large number of 


Table 3.—Showing the Amount of Seedling Blight in Susceptible 

AND EesISTANT VARIETIES UNDER FlELD CONDITIONS. 



Date of 
Examina* 
tion. 

Control Plot. 

Flag Smut 
Plot. 

Mixed Inoculum 
Plot. 

F. eulmorum 
Plot. 

Percentage 

Varieties. 

Appar¬ 

ently 

Healthy 

Plants. 

Dead.* 

Appar¬ 

ently 

Healthy 

Plants. 

Dead.* 

Appar¬ 

ently 

Healthy 

Plants. 

Dead.* 

Appar¬ 

ently 

Healthy 

Plants. 

Dead.* 

Mixed 

Inoculum 

Plot. 

Bomen (R) 

(a) 

138 


123 


100 

4 

130 

3 


(b) 

132 

•• 

118 


84 

1 

128 


63 

Canberra (S) .. 

(a) 

140 


130 

.. 

110 

9 

131 



(b) 

137 

* • 

120 


74 

3 

130 

•• 

54 

Bunyip (R) 

(a) 

132 


130 


94 

1 

126 



(b) 

131 


120 


83 

2 

121 


63 

Federation (S).. 

{a) 

147 


141 


89 

8 

134 

1 


{b) 

138 


119 


63 


127 

•• 

45 

Cedar (U) 

{a) 

134 

I 

137 

1 

112 

1 

129 



(b) 

124 

•• 

137 


98 

1 

126 


79 

Aussie (S) 

(«) 

107t 

1 

132 


108 

6 

133 



(ft) 

100 


113 

i 

75 


128 

•• 

56 

Oalgalos (R) .. 

(a) 

135 

1 

134 


117 

5 

137 


1 


(ft) 

129 


122 


97 


137 

•• 

76 

Caliph (S) ' 

(a) 

1 131 

1 

138 


95 

3 

, 128 




(ft) 

1 131 


118 

1 ^ 

71 

4 

1 119 


54 . 

Oeeralying (R).. 

1 (a) 

133 


1,39 


100 

1 

1 122 

1 

1 

(ft) 

124 

j 

129 

! ’ * 

86 

2 

1 113 


1 69 

Oluyas (S) 

1 (a) 

124 

1 .. 

139 

• • • 

107 

20 

128 

1 

! 58 


1 (ft) 

121 

1 •• 

120 

2 

71 

6 

115 

•• 

1 

Nabawa (R) .. 

(a) 

141 

2 

1.35 

2 

105 

3 

133 

1 


(ft) 

124 


124 


88 

3 

125 

•• 

70 

Waratah (S) .. 

{a) 

136 


138 

1 

74 

4 

i 132 

1 


(ft,) 

132 


128 


57 

1 

1 127 


43 

Totals on 22nd June 

1,598 

1,616 

1,211 

1,563 


Totals on Ist August .. 

1,623 
= 100% 
stand 

1,468 
= 96-4% 
stand 

047 

= 62-2% 
stand 

1,496 
= 98-2% 
stand 



* (a) == 22nd June. (^) «» Ist August. 

* These plants were dead at the time of counting, but had not yet rotted away, 
t Only three rows of this variety were sown as controls. In all the others there were four rows. 
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dead plants seen and counted in the mixed inoculum plot as compared 
with the scattered few in the others on the day the plants were counted* 

As the first count was made on 22nd June, 43 days after planting, 
it is logical to assume that the low stand in the mixed inoculum plot 
was due to pre-emergence blight and seedling blight caused by the two 
organisms. 

The plots were not arranged with a view to statistical analysis of 
the results, but comparison of the stands of each variety in the mixed 
inoculum with the control plot on Ist August shows strilang differences. 
The varieties classed as susceptible or resistant to fiag smut appear to be 
also relatively susceptible or resistant to the mixed inoculum. It was 
observed at each examination that the plants in the control and in the 
F, culmorum plots were about the same height, whereas those in the 
flag smut and mixed inoculum plots were definitely stunted. 


7. Discussion. 

That F. culmorum is an independent parasite on wneat, causing 
seedling blight and other symptoms of foot and foot rots, has been 
shown by Appel (1), Bennett (2), and the writer (9). Simmonds 
(20) has also found that it is parasitic on oats, on which it causes 
similar symptoms. Although the pathogenicity of this and other foot 
rot organisms has been proved, no adequate explanation based on experi¬ 
mental evidence in the glasshouse or in the field has hitherto been 
offered to account for variation in the extent and intensity of their 
attacks in the same or in different fields from year to year. 

Experiments recorded in this paper show that when grain is inocu¬ 
lated with spores of both F, culmorum and i7. tritici, the percentage of 
seedling blight under glasshouse or field conditions is much higher than 
that produced by F. culmorum alone. 

McKinney (15), McKinney and Da^s (16), and Dickson (5), found 
that soil temperature and moisture greatly influenced the amount and 
severity of foot rot caused by H. sativum, Ophioholus graminis (Berk.) 
Sacc., and Oibberella saubinetii (Mont.) Sacc., respectively. Although 
in controlled temperature experiments, foot and root rotting has been 
produced by F. culmorum over the whole range tried, i.e., 10^®C.-30°C., 
the optimum temperature for seedling blight appears to lie between 
18°C. and 22°C. when the soil moisture is adjusted to 60% of its 
capacity. In pot experiments in sterilized and unsterilized soil out of 
doors, seedling blight occurred among plants in the mixed inoculum sets 
when the average temperature varied from 4.7°0. to 13.3®C. Further¬ 
more, in the mixed inoculum plot in the field, seedling blight was 
observed when the average soil temperature range was 8.9°C.-11.7®C. 
in May, 5.6°C.-8.3°C. in June, and 6.6°C.-7.8°C. in July, whereas 
there was practically none in the adjoining plot in which the gr^iin 
was sown after being inoculated with F. culmorum only. It is clear 
from these figures that when grain is inoculated with the two organisms, 
seedling blight occurs abundantly in the field or in pots out-of-doors 
at lower temperature than would ordinarily be expected f^’om the redults 
of controlled temperature experiments with F. culmorum. According 
to Faris (7), the amount of flag smut depends on both soil temperature 
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and moisture. He found that between 10®C. and 20®C.,.and with fairly 
dry; soil, a high percenta^ of infection was obtained. When the soil 
moisture was 40 %> high infection occurred only when the grain was 
germinated between 10®C. and 16®C. If the soil moisture approached 
saturation, extensive infection occurred at 10®C., but dropp^ rapidly 
above and below that point. In our work, when grain is inoculated 
with both F, culmorum and U, tritici, a greater amount of seedling 
blight results over a wider range of temperature, irrespective of whether 
sterilized or unsterilized soil is used in the experiment. 

Fellows (8), Henry (11), and Broadfoot (4) report on the marked 
difficulty in producing cereal foot rots in field experiments, even when 
the soil is heavily inoculated, and other conditions so far as they are 
known, are satisfied. Henry (10), and Sanford and Broadfoot (19), 
suggest that the loss in virulence of IL sativvm and 0. graminis, respec- 
tivdy, in field experiments, is due to the controlling or suppressive 
action of the soil microflora. Attempts by the writer and others in 
this laboratory to produce well-marked foot rot symptoms by artificial 
inoculation of the soil in experimental field plots have not been alto¬ 
gether successful, and in certain cases have almost entirely failed to 
produce a large amount of rotting. On the other hand, it is commonly 
known that sometimes the disease occurs in severe form under field 
conditions. The results reported here provide a partial explanation 
of such attacks, the variation in the amount and severity being perhaps 
correlated with soil temperature and moisture during germination. The 
occurrence of thin stands or even stunted plants such as are frequently 
found in areas affected with foot rot may be in great measure due to 
joint attack by one of the smuts and one or more of the foot rot 
organisms. Experiments are now in progress with other smuts, in com¬ 
bination with F, culmorum and other foot rot organisms of wheat, 
barley, and oats. 

That the manifestation of a disease caused by one organism may be 
intensified as a result of the action of another has been noted by other 
investigators. Dillon Weston (6) in experiments on the control of 
bunt, observed that smutted wheat plants were more heavily attacked by 
Puccinia glumarum Eriks. & Henn., than were healthy plants. Welsh 
(22), found a similar relationship existing among oats, in that smut- 
infested plants were more heavily rusted than the non-smut ted. 

The present investigation provides another example of the intensi¬ 
fying effect of one of the smuts on other diseases. It is, however, 
different from the cases just cited, because under field conditions, 
seedling blight occurs before the symptoms of flag smut would ordinarily 
appear or even be suspected. Jarrett (13) states that certain wheat 
varieties ‘^may show infection in one or two tillers only, or be quite 
healthy, while microscopic examination will reveal the fungal hyphae 
in the base of the plant. Record of this type of infection is lost in the 
usual infection counts, and the actual effect of the disease can only be 
estimated by an analysis of yield.^^ According to Noble (17) and 
Verwoerd (21), flag smut does not appear earlier than the fourth or 
fifth leaf stage. Jarrett^ (13) states that flag smut symptoms usually 
appear very much later in plants grown in the field than under artificial 
conditions. , 
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In the mixed inoculum plot in the field, not only did a higher percen¬ 
tage of seedling blight occur than in plots with either organism alone, 
but a difference was observed between the amount of blighting of the 
varieties susceptible or resistant to flag smut, being greater among the 
former than the latter. The percentages in Table 3 show this clearly. 

That the two organisms may occur together on the grain or in the 
soil, or that smutted grain may be planted in soil containing the foot rot 
organisms, obviously happens in our wheat-growing areas, and according 
to this work, the combined attack results in seedling-blight. 

It appears probable that flag smut or other smuts in combination 
with one or another of the foot rot organisms may, under certain 
environmental conditions, produce definite basal lesions on the culms 
of older plants, and other symptoms of foot and root rots. Sampson 
and Walters Davies (18) found that bunted plants were more than 
ordinarily susceptible to attacks by Fmarium spp., and were of the 
opinion that this was the probable reason for the cause of mortality 
among bunted plants. The results reported here on the combined 
effect of U, tritici and F. culmoritrn are similar to those just cit#rl. 

Further study of the reaction of cereals to infoctioii by the smuts 
and root-rotting organisms is in progress. 
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Carbon Tetrachloride. 

A Note on its Toxicity for Sheep. 
By D. T. Oxer, B.V.Sc.* 


The observations described in the brief note that follows were made 
by Mr. Oxer when he was an officer of the Tasmanian Department of 
Agriculture and when he was working on a programme of research being 
carried out by the Council under the Australian Pastoral Research Trust- 
Empire Marketing Board scheme (see this Journal^ 4: 133, 1931).—Ed. 


1. Introduction. 

The toxicity of carbon tetrachloride for sheep has from time to 
time been given some prominence in Australia. Ross and McKay (1), 
in advocating its use for the elimination of the liver fluke, have 
reviewed some phases of the question, while, more recently. Rose (2) 
has surveyed mortality following treatment of flocks in New South 
Wales. ■ ^' 

Although they have been previously recorded (3), we here wish to 
emphasize toxic symptoms which occurred in an experimental flock of 
sheep following routine treatment with the drug. These sheep were 
being used in certain experimental feeding trials carried out in 
Tasmania in relation to. pregnancy paralysis of ewes. 

2. Toxic Symptoms in the Experimental Flock. 

The flock consisted of 118 full-mouth and six-tooth Romney- 
Southdowm ewes, which had been mated to Southdown rams. The 
ewes were in very good condition, and had been selected as being of 
a type susceptible to the disease under investigation. They were 
divided into four groups, each being maintained on such a small area 
(less than one acre) that hand-feeding was their sole means of 
sustenance. The rations consisted of a mixture of best oaten and lucerne 
chaff, with the addition of a small amount of oats and bran in the 
case of three of the groups. Salt was available as a lick, while 
one-half ounce of bone flour per sheep per day was mixed in the rations 
for a period of three months prior to the fourth drenching. 

It w^as thought that such a concentration of sheep on a small area 
would ultimately lead to a heavy parasitic infestation, particularly as 
the same ground had been heavily stocked with sheep a short time 
previously. To keep the parasitic infestation as low as possible, it 
was considered advisable to commence routine treatment with carbon 
tetrachloride. This was accordingly carried out, the dose used being 
2 c.c. of the drug in 3 c.c. liquid paraffin. The best quality procurable 
was obtained and was mixed in the laboratory prior to treatment. 

The use of the drug was followed by toxic symptoms, which would 
have been classified as mild had not the exact amount of feed consumed 
jper day been kpown, for, apart from loss of appetite, the only symptoms 


**Now Veterinary Officer, Oommon^-ealth Semin Laboratories. 
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shown were somnolence and lethargy. No noticeable gastro*intestinal 
disturbances were present. The appearance of toxic symptoxiaa ww 
rather unexpected, but those shown after the first two treatments did 
not appear sufficiently severe to warrant discontinuance of treatment. 
The effect of the third, however, was serious, and as a fourth showed 
(hat toxic symptoms were equally severe as those previously seen, 
drenching was discontinued. 

In Table I., figures are given showing that the appetite was greatly 
depressed, that this depression appeared at varying periods after 
treatment, and that the period of inappetance tended to increase with 
each successive administration of the drug. 


Table I. 


— 

First 

Drenching. 

Second 

Drenching. 

Third 

Drenching. 

Fourth 

Drenching. 

Average daily amount (over one veek) 
eaten by all groups before drenching 

240 lb. 

400 lb.. 

400 lb. 

441 lb. 

Average daily amount eaten during 
period of inappetance 

1 

150 lb. 

1 

276 lb. 

266 lb. 

241 lb. 

Appearance of symptoms after drench¬ 
ing 

1 

1 

2nd day 

1 Same day 

1 

Same day 

Ist day 

Return to normal .. 

4th day 

6th day 

11th day 

i 

1 

9th day 

[ 


Appetite was slightly depressed at the beginning of each toxic 
period,” and then gradually returned to normal. The greatest reduction 
in the amount of food eaten occurred on the first day after the fourth 
treatment, when only 30 lb. of food were eaten by all groups. The 
loss of, and return to, appetite following the third and fourth drenchings 
are illustrated graphically in Fig. 1. 

Drowsiness was well marked at the onset, but had the sheep been 
under field conditions, it would have taken close observation to detect 
anything unusually wrong, apart from the symptoms in the initial 
stages of each period. 

3. The Effect of Carbon Tetrachloride on the Liver. 

In dogs, toxic symptoms following the usual latent period of some 
hours, are constantly accompanied by central necrosis of the liver 
lobules. Gardner et alii (4) state that this necrosis, which may be 
caused by doses as low as 0.176 c.c. per kilo of body weight, may be 
observed as early as 8 hours, and that the maximum damage occurs in 
48 hours after treatment. According to Davis (6), even extremely 
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Fig. 1. —Graphs illustrating loss of appetite in sheep after drenching 
with 2 c.c. of carbon tetrachloride. The full line illustrates 
the effect of the 3rd drenching, and the dotted line the effect 
of the 4th drenching of the same animals some 4 weeks later. 


small doses will be followed by liver injury as judged by fatty 
degeneration. Lamson and Wing (6) consider that a threshold dose 
of from 0.5 c.c. to 1 c.c. per kilo is necessary before liver necrosis can 
occur. Minot (7, 8) and Cutler (9, 10) consider that an excess of 
guanidine in the blood, following liver necrosis, is responsible for the 
symptoms shown, this being supported by the fact that the injection 
of guanidine hydrochloride gives rise to symptoms identical with those 
caused by carbon tetrachloride, and that both are relieved by calcium 
therapy. Factors other than liver necrosis are necessary, however, 
for the production of clinical symptoms, as it has been shown (6) that, 
notwithstanding a tremendous amount of liver necrosis following large 
and frequently repeated doses, dogs mjfjr not only remain normal to all 
appearances, but even gain in weight. 

With the exception of Eose’s statement that livers of sheep which died 
from the effects of carbon tetrachloride showed no evidence of liver 
necrosis on microscopic examination, there are no references, in the 
literature available, to the pathology of the liver in sheep and cattle 
which have succumbed to this drug. Seddon (11) has informed us 
that in no case has he found liver necrosis in sheep which have died 
following administration of therapeutic doses up to 2.5 c.c. Boss (12) 
also has found no evidence of necrosis following therapeutic doses, 
although in some sheep treated at regular intervals he has found 
indications of fatty degeneration. 

With a view to determining whether a large, as compared with 
therapeutic dose, is capable of causing liver lesions, the following: 
experiment was carried out. 




Two sheep were used. Both were in a fat and well-nourished 
condition. For the previous four months they had been fed on oaten 
chaff, in addition to which they had had access to small paddocks in 
which grass picking was available. 

Sheep No, 1, weighing 115 lb., was drenched on 31st July, 1933, 
with 2 c.c. carbon tetrachloride in 3 c.c. liquid paraffin. On the first 
day after treatment, there was noticeable loss of appetite with a tendency 
to remain aloof from the others. The sheep was slaughtered 52 hours 
after treatment. No abnormality was revealed on post-mortem 
examination. Microscopically, the liver appeared normal, but hyaline 
degeneration of some of the convoluted tubules of the kidney was 
present. 

Sheep No, 2, weighing 105 lb., was drenched on the same date with 
15 c.c. carbon tetrachloride in the same proportion of oil. Similar, 
though more marked, symptoms occurred as in the case of Sheep No, 1, 
Post-mortem examination revealed a marked lobular necrosis of the 
liver, involving, on a rough estimate, about 50 per cent, of liver tissue. 
The internal fat showed a slight, but distinctly yellowish, discolounution. 
]!!fo other abnormalities were observed. On microscopical examination 
of the liver, necrosis of cells in the central portion of the lobules, 
accompanied by intense congestion, was seen. The kidney was normal. 

Althougli a small experiment, this indicates that a therapeutic dose 
of carbon tetrachloride causes no liver necrosis, although a large dose 
may do so to a very marked degree. It also indicates that there may 
be a different mechanism of intoxication in sheep to that occurring in 
dogs, and is confirmatory evidence that liver necrosis is not essential 
for the production of toxic symptoms. 


4. Discussion. 

Considerable experience has now been gathered regarding the 
toxicity of carbon tetrachloride for those animals in which its thera¬ 
peutic use has been most practised, and on reviewing the literature 
on the subject, one is at once struck by the similarity in different species 
of (a) the wide extremes in tolerance, (b) symptoms, and (c) post¬ 
mortem lesions—with the exception of sheep which, although agreeing 
in other respects, do not show liver necrosis following the usual 
medicinal doses. 

With dogs, in which the greatest amount of experimental work has 
been carried out, it has been shown that certain conditions predispose 
1o toxic symptoms, while other conditions seem to have the reverse 
effect. Briefly summarizing these, it has been shown that starvation, 
the addition of alcohol to the food, and diets rich in protein or fat or 
deficient in calcium, are factors for toxicity, while normal mixed diets 
or those rich in calcium or carbohydrate are factors for safety. 
Acidity or alkalinity of the food may possibly be factors for toxicHy or 
safety. Magnesium sulphate may increase the safety of the drug. 

Owing to the similarity of reaction to the drug in various animals, 
one would expect that the results of experimental work in dogs would 
also apply, in principle, to animals of other species. This view is 
supported by the experiments of Hindmarsh (13), in which he has 
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shown that cattle, after being rendered deficient in calcium and phos¬ 
phorus, may be made susceptible to, or tolerant of, the drug by with¬ 
drawing or feeding bone meal. Field evidence indicates that the same 
condition holds for sheep, although we are aware of very deficient 
flocks which show no adverse effects following even regular routine 
treatment. Other factors suspected of rendering sheep more susceptible 
are the feeding of concentrates, depasturing on certain crops, or an 
excessively fat condition. In addition. Rose has suggested that cold, 
bleak weather may be a predisposing cause. The fact that sheep do 
not show liver necrosis may be explained by the difference in metabolism 
in the herbivorous, as compared with the carnivorous, animal. 

In the experimental flock described, it is noteworthy that the after 
effects of the third and fourth drenchings were more severe than those 
of the first and second. This may have been due, partly, to the effect 
of repeated treatments, but more probably to an increasing time on 
a ration which rendered the animals susceptible. The component part 
of the ration responsible for this susceptibility may have been either 
the oat grain or the lucerne chaff or both. Calcium deficiency may 
definitely be eliminated, as, apart from the ration being of itself fairly 
plentifully supplied with this element, bone flour, which was mixed 
through the ration, failed to decrease the toxic symptoms shown. From 
experience with this and other flocks, adverse weather conditions are 
not considered to have been of importance in rendering this flock 
susceptible. 

Although the actual cause of symptoms in these sheep is uncertain, 
it is considered important that such a marked effect on appetite can be 
caused, and yet only mild symptoms of toxaemia result. Rose has 
shown that in the field a dose of 1 c.c. of carbon tetrachloride may be 
followed by severe mortality, and in some cases by loss of wool in the 
survivors. It is more than probable, therefore, that in quite a large 
percentage of flocks regularly treated with 2 c.c. a marked loss of 
appetite may be shown, extending oA^er possibly quite long periods, 
although only accompanied by mild symptoms and unobserved under 
field conditions. 

It is conceivable that the loss of weight and the likelihood of faults 
in the wool following such sev(h:e checks would counterbalance the 
beneficial effect of the drug, especially when, as is often the case, it is 
being used for the control of a not very heavy worm infestation. Ross 
and Graham (14, 15) have shown that, under the conditions of their 
experimental trials, no such ill effects, as judged by loss of body weight 
and examination of the wool did occur, and Marston (16), in the 
experimental flocks under his control, and in which regular weighings 
are practised, has no reason to suspect that the routine drenching with 
the drug has caused any ill effects, but it must be remembered that these 
experimental flocks represent a very small proportion of the total flocks 
treated throughout Australia, and do not, therefore, necessarily prove 
that such adverse effects do not occur. On tlie contrary, the experience 
recorded above proves that they may occur. 

In carbon tetrachloride, the veterinarian has in his hands a very^ 
efficient agent, but it must be borne in mind that it is a therapeutic 
and not a preventive agent. There are, however, contra-indications 
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for its use^ of which one is definitely calcium deficiency. B^garding 
the others, there is at present some confusion and, although it can be 
said that, as in the dog, they rest mainly on the effect of diet ^or 
constituents of diet on metabolism, they require to be more accurately 
defined before the drug can be regarded as safe for wide and general 
use. 
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Fruit Bud Studies.—^U. The Sultana: Differentiation 
and Development of the Fruit Buds. 

By C. Barnard^ M-iSc.,* cind /. E, Thomas^ BSc.^ B,AgrSc,f B.VSc.'t 

Summary. 

1. The results of a study of the differentiation and development of the fruit 
buds of the sultana vine at Merbein, Victoria, during five consecutive seasons, 
are reported in this article. 

2. It is shown that:«— 

(i) Tendril and inflorescence primordia differentiate from morphologi¬ 

cally similar anlagen. 

(ii) The development of anlagen as inflorescence primordia or* as tendril 

primordia is correlated with the time of the season during which 
the growt}i.^l..the anlagen occurs. 

(iii) Differentiation of anlagen into inflorescence primordia takes place 

during late spring, summer, and autumn; whilst anlagen which are 
initiated after the winter rest become tendril primordia. Differentia¬ 
tion of an anlage into a primordium is defined as the acquisition of 
the mode of growth characteristic of the organ developed therefrom. 

(iv) Anlagen which are initiated in lite summer or autumn, and have not 

developed sufficiently before winter to acquire a de^nite habit of 
growth become tendril primordia during the following spring, whilst 
anlagen which had just begun to acquire the inflorescence mode of 
growth in autumn, develop into “ transition ** forms when growth 
recommences. 

(v) Differentiation of the flowers of the inflorescence occurs as the buds 
are opening in spring and prohibits further ramification of the 
inflorescence. 

3. It is concluded that:— 

(i) The number of anlagen with differentiate as inflorescence primordia 

is determined by the rate of their development during summer and 
autumn. The rate of development of the anlagen during this period 
is therefore an important factor in determining the yield of the 
following season, 

(ii) The potential size of the inflorescences is determined by the amount 

of growth made by the primordia prior to bud burst in spring. 

(iii) Conditions which induce an early cessation of elongation growth in 
the shoots, and are favorable to the rapid accumulation of starch 
in the wood, appear to be conducive to the differentiation of 
anlagen as inflorescence primordia and their rapid development as 
such. 


1. Introduction. 

In the first paper of this series^^^ it was concluded, inter alia, 

that— 

(a) yield in the sultana is correlated with the number of fruit 
buds formed in the previous year, 

(&) the number of fruit buds formed is low towards the base of 
the cane, increases progressively outwards, and falls off 
towards the distal end in all except very short canes. 

* Assistant Ite6ear(^ Officer, Division of Hant Indnstry* Canberra. 
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(c) the seasonal variation in the proportion of fruit buds pro¬ 

duced is considerable, and is largely dependent “upon the 
number of fruit buds formed on the distal half of the 
cane, and 

(d) the appearance or initiation of the primordia (then desig¬ 

nated ‘^differentiation of the primordia”) could be 
determined by microscopic examination, and, in the 
season of 1928-29, occurred in the basal buds about the 
12th of November. 

The present paper records the times of initiation of the primordia for 
a further four seasons, and describes their development from the time 
of differentiation to flower production in the following spring. 

The additional data secured during these studies, however, render it 
necessary to modify the terminology used in the first article of the 
series^^\ The primordia, at the time of their initiation, are not neces¬ 
sarily potential inflorescences, and in fact they may develop into any 
one of the following three structures:—(i) inflorescences, (ii) tranjition 

forms between inflorescence and tendril, and (iii) tendrils. 

» 

The actual differentiation of the primordia as inflorescence pri¬ 
mordia occurs relatively slowly and progressively as the primordia 
acquire the * mode of growth characteristic of the inflorescence. The 
term anlagen is therefore applied hereafter by us to primordia which 
have not yet differentiated into one of the above three structures^^^. 

The facts which have led to this conception and the importance of 
making this distinction are explained in Section 2 (A). Suffice to 
say that* this interpretation helps to explain the distribution (vide (b) 
above) of fruitful buds on the cane, and also throws considerable light 
on the causes of the variation in the proportion of fruit buds formed 
from year to year. At the same time, the importance of the period 
during which the first anlagen are formed is diminished by the fact 
that the differentiation of the anlagen into inflorescence primordia takes 
place progressively and may continue throughout the season. The 
fact remains, however, that the anlagen produced early in the season do, 
almost without exception, differentiate into inflorescence primordia. It 
has to be determined, therefore, whether the time of the initiation of the 
first anlagen has any influence upon their differentiation into inflor¬ 
escence primordia and subsequent development. 

O Th]B Journal, 5 : 47-52, 1932. 

(•) The term prlmordiiim is usually applied to a developing orRan or part of an organ during Its 
early stages of growth. The term, quallded by a substantive such as leaf, flower, or sepal, Is used 
synonymously with the term rudiment, initial, or anlage. A primordium, so qualified, designates the 
organ from the time of its origin as a localized meristematlo growth until the time when all the parts 
of the organ have been differentiated. A rudimentary flower, which has differentiated calyx, coroUg, 
and androeclum initials, but in which the gynaecium initial has not arisen, is still termed a flower 
primordium. 

In the case of a rudiment which may develop Into one of several types of structures, there is no 
single term which can be applied to the rudiment prior to the development of the mode of 4 ;rowth 
characteristic of one of the structures. A rudiment, for example, which may develop as a foliage leaf, 
a scale, or a bract, is spoken of as a cataphyllary primordium. As soon as characteristics of leaf scale 
or bract develop, it becomes a leaf, scale, or bract primordium. 

It would appear desirable, however, to modify the terminology so that the same term is not applied 
to both the undifferentiated and the differentiated primordium. In view of the fact that the terms 
“ primordium " and “ruiiiu ent” are the most commonly used C*initial" being generally regarded as 
indicating histological origin), it has been deemed preferable to select the term ** anlage " to designate 
the undifferentiated primordium. The term **primordium(or “rudiment”) Is, in this paper, 
restricted to describe developing structures which exhibit the characteristic mode of growth of the 
resultant mature strpeture or organ. 
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2. Investigational Work« 

A, Initiation of Anlagen during Five Seasons. 

The results obtained during the past five seasons are summarized in 
Table I. The data show that the time of initiation of the first anlage 
varied slightly in different seasons, taking place earliest in 1931 and 
1930, and latest in 1932 and 1928. It has not been possible, however, 
to correlate the time of anlagen initiation with the tendency to form a 
high proportion of inflorescence primordia. Counts, made in the spring, 
of the number Of fruitful shoots, together with the yields at the sub¬ 
sequent harvests, are also shown in the Table. Under normal conditions 
bud counts and subsequent yields are fairly closely correlated; this fact 
i'i evident from the figures of the experimental plot. Variations in the 
times of initiation in different seasons are not large enough to warrant 
any comparison with subsequent bud development or resultant yields. 
However, if any conclusion is to be drawn from the data, it is to the 
effect that the number of fruit buds formed in any season is not related 
to the time of initiation of the first anlage in the buds. 


Table I.—Period of Initiation of Anlagen in Sultana Buds during 
Five Consecutive Seasons^ together with Bud counts during thb 
Spring and Yields at Harvest from one Experimental Field. 


Time of Initiation 
of First Anlage. 

1928. 

1929. 

1930. 

1981. 

1982. 

Buds 1-4 of shoot 
(Base) 

Buds 5-10 of shoot 
(Middle) 

Bads 11-16 of shoot 
(End) 

First fort¬ 
night in 
Nov. 

End of Oct. 
and first 
week in 

Nov. 

End of Oot. 

End of Oot. 

First week In 
Nov. 

Third and 
fourth 
weeks in 
Nov. 

DOd-Nov. in 
rapid suc¬ 
cession 

MldrNov. in 
rapid suc¬ 
cession 

First fort¬ 
night in 
Nov. 

Mid-Nov. and 
third week 
In Nov. 

Second week 
in Dec. 

End of Nov. 
and first 
week in 

Dec. 

Mid-Nov. to 
third week 
in Nov. 

Mid-Nov. to 
third week 
in Nov. in 
rapid suc¬ 
cession 

First week in 
Dec. 

« 

Percentage bud count 
in following spring. 
Fruitful shoots of 
total buds 

1929. 

1930. 

1931. 

1982. 


42% 

• 

23% 

86% 

1 

87% 


Yields at subsequent 
harvest. Dried 

weight, tons per 
acre 

1930. 

1931. 

1932. 

1983. 


1-86 

1 

0-47 

1*38 

1*80 



In most other fruits, the fruit buds are either produced on spurs or 
on compaAtively short shoots, and the development of the buds 
different parts of the shoot or tree takes place more or less synchronondy. 
Under such circumstances, it is possible without much difScuJty to 
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examine sufficient material to warrant a generalized statement applicable 
to the season. In the vine, on the other hand, the fruit buds are pro¬ 
duced on long shoots, and they develop in acropetal succession. It 
is necessary, therefore, to determine the time of initiation in each bud 
from the base to the apex of the shoot, and to replicate these obser¬ 
vations, at each examination during the season. 

In view of the difficulties involved in determining the time of 
initiation for the season, and also in consideration of the unpromising 
nature of the results obtained over a period of five seasons, the attack 
on the problem along these lines has been discontinued. 

B, Fruit Bud Development During Summer and Autumn, 

The structure and organization of the buds as well as the differentia¬ 
tion of the anlagen into inflorescence primordia have been described in 
the first article of this series. The following account continues the 
description of the development of the buds during summer and autumn. 

By the middle of November, the eighth leaf rudiment has arisen 
in the majority of buds. The first anlage to arise is usually situated 
opposite this leaf, and, if developed, differentiates later into an in¬ 
florescence primordium. Occasionally, an anlage-ie developed at the 
7th embryonic node, but only rarely at a lower one. On the other 
hand, if the first anlage is developed opposite the ninth leaf, it may 
or may not develop as an inflorescence primordium. 

By the beginning of December, the ninth leaf is arising in most buds, 
though the 10th, 11th, and 12th' leaf rudiment may have been formed 
in* the buds borne on the lower portions of the shoot. Towards the 
middle of December, the 10th leaf rudiment arises and very often a 
2nd anlage may bo observed at the ninth embryonic node. 

Development generally ceases when twelve to thirteen leaf rudiments 
have been formed, though the time at which it occurs varies according 
to the position of the bud on the shoot. In the basal buds, the 12th or 
18th leaf rudiment has generally been formed by the end of December, 
whilst the majority of buds have not‘progressed to this stage until 
about the middle of March. 

The stage of development reached by a number of buds, collected 
from the 9th to 11th nodes during March, is shown in Table II. 

The first 14 buds represented in the Table are strong and advanced, 
whilst the remainder are more typical of the normal fruit bud. At 
this time, the first formed anlage, usually opposite the 8th loaf rudiment, 
has developed into a comparatively large and well formed inflorescence 

f rimordium which has attained the proportions represented in Table 
I. The anlage opposite the 9th leaf, however, varies considerably in 
size, and only shows the characteristics of an inflorescence primordium 
in advanced buds. In this connexion, it will be observed from Table II. 
that the anlagen, by reason of their dimensions, fall into two fairly 
distinct classes. Firstly, those at the 8th and 9th embryonic nodes in 
the advanced buds and those at the 8th in the normal buds form a chiss 
with dimensions greater than 0.40 x 0.30 mm. The anlagen at higher 
embryonic nodes fall into a group having dimensions less than 
0.20 mm. x 0.18 mm. It may safely be stated that the primordia 
included in the 1st class will develop into inflorescences, those in the 
Shd class into tendrils, and those of intermediate dimensions will in all 
•probability become transition forms between tendrils and inflorescences. 



Tablb II. —The Dimensions nsr Millimetres and Position of 
Anlaoen Developed in 25 Buds on 16.3,1932. 


— 

7th Node. 

8th Node. 

9th Node. 

10th Node. 

11th Node. 

12th Node. 

18th Node. 

1 

. . 

•80 X *68 

•40 X -32 


•08 X -08 



2 

•• 

•68 X -56 

•48 X *32 


•08 X -08 

•06 X *04 


8 


•76 X -40 

•40 X -32 


•12 X *10 



4 


•52 X -44 



•16 X *16 

•08 X *10 

' 

6 


•72 X -68 

•66 X *62 


•12x -08 

•08 X *08 


6 


*64 X -66 

.. * 



•06 X *06 


7 


•80 X -76 

•64 X -56 


•12x *06 


Arising 

8 



•60 X *68 


*12 X 08 


Arising 

9 


•72 X *72 


•16 X 12 



Arising 

10 


•70 X •64 

•40 X *36 


•12 X -16 

•10 X *10 

.. 

11 


•72 X *72 

•60 X -48 



•10 X *08 

.. 

12 


•64 X *72 

•32x *24 



•12 X -12 

.. 

13 


•68 X -60 


•16 X *16 

•08 X -08 

• . 

Arising 

14 


•80 X -60 


*12 X -12 

•10 X *08 


Arising 

Percentage 

frequency 

7 

03 

65 

21 

70 

65 

36 

Mean area 
Sq. Mnis. 

•64 

(•80x *80) 

•44 +: -03 
(•71 X -62) 

•22 ±-04 
(•48 X -42) 

•02 

(•14x *18) 

•012 ± *002 
(•lOx *11) 

•007 ± *001 
(•08 X *08) 


16 

1 •72X-72 

1 *20 X *16 

.. 

•08 X *06 



16 

1 -48 X *36 

1 *16 X *16 

.. 




17 


•40 X ^32 

•16 X -16 


(•04 X *04) 
Arising 



18 

.. 1 *48 X *40 

1 -12 X 08 


.. 

Arising 


19 

.. 1 •52x*44 

1 •• 

*12 X 08 

•08 X *06 



20 

1 •52x*44 

1 *28 X -24 

.. 

•08 X *08 



21 

.. 1 .. 1 -lex *14 

•12 X -12 




22 

1 -56 X *56 

•12 X -08 


•Q8 X -06 

.. 


23 

.. 1 

•36 X -36 

•12 X -14 


Arising 


24 


•62 X -44 

•12 X -14 


•06 X *06 



25 





•20 X *16 

•06 X -06 


Percentage 

frequency 

0 

73 

82 

?7 

73 

45 

0 

Mean area 
Sq. Mms. 

0 

•26 ±*06 
(•53 X -46) 

•36 ±*01 
(•20 X -17) 

•013 

(•12 X *11) 

•007 ±*001 
(•09 X -07) 


•• 


* Meastirements show length and breadth of t_ _ _._ 

In a collection of 100 buds. Measurements made by means of a micrometer and dissecting microscope. 


The characteristic mode of growth in the inflorescence primordia 
may be described as a tendency to originate numerous growing apices* 
Large well formed inflorescence p’’i*mordia have the appearance of a 
closely packed bunch of grapes (Figo 1, 2, 3, Plate 4)*, each ‘‘grape 
representing a growing point. The primordium is a very complex 
branch system in which the branches elongate slowly but continue to 
divide rapidly. 


* For Plates see facing page 808. 



























































' At the time of its origin, the anli^e is simply a pad of meristematio 
tissue. As it enlarges, it develops into a bulbous protuberance which 
splits off a second growing point towards its base. This second apex 
represents the initial of the lowest branch of the system, and anlagen up 
to, and in this condition fall into the second of the two classes referred to 
above. Earlier formed anlagen rapidly develop the characteristic 
mode of growth of the inflorescence, and the primordium enlarges by 
the repeated formation of fresh apices. The mode of growth followed 
by anlagen which differentiate as tendril primordia is essentially 
different and will be described in the following section. 

It will be noted that the disposition of anlagen on the axis of the 
bud usually follows a. definite plan. They arise opposite the 8th and 9th 
leaves, 11th and 12th, and at all except every third successive embryonic 
node, and may be represented as follows:—^AA— AA —AA—etc. 

Very often, an anlage is not developed at the 11th or 12th embryonic 
node and less frequently no anlage is present at the 9th. It is only 
occasionally, as pointed out previously, that an anlage arises at an 
embryonic node lower than the 8th. ^ 

Development gradually ceases in autumn, and the^buds pass through 
a dormant period during winter in very much the same condition as 
they have reached by the end of March. The small amount of growth 
which takes place between mid-March and dormancy does not materially 
affect the relative development of the anlagen. 

C. Fruit Bud Development Prior to Bud-Burst in Spring. 

The appearance of the inflorescence primordium during the first 
half of August is similar to that represented in Fig. 2, Plate 4. Growth 
recommences about the middle of August, and is slow at first but 
increases progressively until the buds open about the first week in 
September. The inflorescence primordia increase considerably in size 
(Fig. 3, PI. 4), and the axis of the bud grows forward forming new leaf 
rudiments and anlagen (Fig. 4, PI. 4).* Anlagen initiated during this 
period.and during subsequent growth develop into tendril primordia (at 
Fig. 4, PI, 4). The mode of growth of the tendril primordia is 
essentially different from that of the inflorescence primordia. In the 
former, only a few growing points are formed, and these elongate rapidly 
to become branches. The tendrils, as well as the tendril primordium, 
may be described as branch systems in which the branches elongate 
rapidly but only divide occasionally. 

The anlagen which had reached a stage comparable to that shown at 
a ” in Figures 4 and 6, Plate 4, or were slightly more advanced, prior 
to the recommencement of growth during August, develop as tendrils 
also. These anlagen are comparable to those represented at the 10th 
atid succeeding nodes in the advanced buds of Table II. (at a in 
Fig. 1, PI. 4) and the majority of those at the 9th node in the normal 
buds (i.e, the group of anlagen less than 0.20 x 0.18 mm. in size during 
March). ^ 

Finally, the anlagen which w'^rTg less than 0.40 x 0.30 mm. in size 
and greater than 0.20 x 0.18 i^m. during March generally develop in 
spring to produce structures w/iich are transition forms between tendrils 
and inflorescences. These t^hnsition forms are not of very frequent 
occurrence as may be deter kiined by examination during early spring 
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tiubsequent to bud burst, but all gradations from perfect inflorescences 
to perfect tendrils may be fotmd. In this connexion, it is interesting 
to note that in *the majority of inflorescences, however, one branch is in 
the form of a tendril. 

Primordia of typical transition forms are illustrated at ^^tr”, Figs. 
6 and 6. The primordium in Fig. 5 will probably develop into a tendril 
with perhaps a few flowers on some branches, whilst that represented 
in Fig. 6 may become more like a true inflorescence and produce a 
number of flowers. 

It will be apparent, therefore, that the anlagen at the time of their 
origin are potentially similar, and that the inflorescence and tendril are 
homologous structures. Under the conditions controlling growth during 
late spring, summer, and autumn, anlagen develop into inflorescence 
primordia. Conditions under which growth recommences in spring, 
however, are totally different and are associated with the rise of the 
sap. Under these conditions, anlagen develop as tendril primordia. 

In view therefore of the facts that— 

(a) well developed inflorescence primordia continue to develop in 

spring in the same manner as in the previous season, and 

(b) medium sized anlagen, which have begun to develop into 

inflorescence primordia, change their mode of growth when 
encountering spring conditions and develop into transition 
types instead, 

it seems reasonable to assume that— 

(i) the mode of growth characteristic of the inflorescence is 

acquired by anlagen during their development in late 
spring, summer, and autumn, and when acquired this 
growth mode persists in spring, notwithstanding the 
changed conditions. 

(ii) anlagen, which have formed late in the season, and which, 

therefore, have not acquired a characteristic mode of 
growth, develop when new growth conditions are encoun¬ 
tered in the spring entirely according to those conditions. 

(iii) anlagen, which have begun to grow in the way of inflor¬ 

escence primordia, but which have not differentiated 
sufficiently to acquire this characteristic, are so affected 
by the new conditions in spring that their mode of growth 
is altered. 


D. Flower Differentiation and Development, 

The inflorescence primordia, * as noted in the previous section, 
increase considerably in size during the period following the rise of the 
aap in mid-August, The differentiation of the flowers, however, does 
not occur until the time when the buds are on the point of bursting. 

The first indication of flower initiation is the division of each grow¬ 
ing apex into three more or less equal parts. In Fig. 1, Plate 5, a por¬ 
tion of a large inflorescence primordium, prior to initiation, is depicttfdi 
and in Fig. 2 of the same plate a smaller portion of another inflorescence 



is shown, in which the division of the growing apices into three ig 
Ulnstrated^ Each of the three growing points represents a flower 
primordinm. 

Differentiation occurs over the whole inflorescence • almost simul- 
taneously, and takes place in the basal branches only very slightly in 
advance of the apical branches. As soon as differentiation is accom¬ 
plished, therefore, further branching of the inflorescence is prohibitecL 
This fact is to be specially noted, as it means that the number of flowers 
which an inflorescence may produce is determined by the amount of 
growth which is made by the inflorescence prior to the differentiation of 
the flowers. Most of the growth and branching of the inflorescence 
occurs during the period from mid-August to bud-burst, but it is highly 
probable that the extent of the growth of an inflorescence during this 
period is very largely dependent upon the stage of development it had 
reached at the end of the previous autumn. 

In Figs. 3-6, Plate 5, the development of the flower is illustrated. 
In Fig. 3, the sepals have been formed, whilst in Fig. 4 a more advanced 
stage is depicted in which the stamens are arising. 

It is an interesting fact to note that the flowers in different innores- 
cences and in different parts of the same inflorescence all reach the same 
stage of development at the one time. This feature was particularly 
noticeable in material collected on the 23rd September, 1930 (Fig. 4). 
Apical and basal branches of many inflorescences were examined, and,, 
in each case, the flowers were at approximately the same stage in their 
development. 

Shortly after the origin of the stamens, and prior to the initiation of 
the carpels, the petals curve inwards and downwards, and fuse together 
along their ventral surfaces. The outer cells of the incurved portion 
of the petals are irregularly and loosely disposed. Growth of the petals 
forces their surfaces together, the loosely disposed surface cells becom¬ 
ing interlocked. Further division of these cells completely establishes 
the connexion. The fusion of the petals results in the formation of the 
corolla lid or operculum, which separates circumscissilly when the 
flower opens. In Fig. 6, Plate 6, the fusion of the petals and the origin 
of the carpels are illustrated. Further growth results in the develop¬ 
ment of the stamens and carpels and origin of the ovules. 

In 1930, pollen was formed on the 6th-7th of October by the tetrad 
division of the spore mother cells, and the megaspore was distinguish¬ 
able in the ovule by the 13th. Further development was not followed in 
detail, but a large and apparently normal embryo sac had developed by 
the 24th October, just prior to the opening of the flower. 

In 1929, development was later than in 1930 throughout the season. 

The fact that the differentiation of the flowers of the inflorescence 
does not take place until the buds are on the point of opening in spring 
has not so far been generally recognized. Goff 1901^^> was of the 
opinion that flowers are unquestionably formed during the season 
previous to their expansion (in the grape). Chandlermisquotes 
Bioletti^®^ as stating that the flower parts of the grape, Vitis vinif^ra^ 
are formed during the season before the flowers open, and this opinion 


O) ** Investigations of Flower Buds.” Agric. Expt. Station, Wisconsin, Ann. B«pt., 1001, p. 810. 
<*) •* Fruit wowing.” (Houghton and Mifflin, U.S.A.), 1926, p. 51. 

(•) "Vine Pruning in California.” Univ. Calif. Agric. Expt. Station, BuU. No. 241, Pt. 1, 1914. - 
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is usually quoted in text books and manuals. Winkler^however^ 
recognized the fact that parts of the flower were formed after the bude 
had opened. 


3. Relation to Yield. 

In view of the fact that two important factors controlling yield are 
the number and size of the inflorescences, it becomes evident from the 
foregoing that more attention should be directed to the rate of develop¬ 
ment of the anlagen during summer and autumn. The destiny of the 
anlagen is determined by their development during this period. The 
number of anlagen which differentiate as inflorescence primordia is 
dependent upon the rate of growth of the anlagen prior to winter dor¬ 
mancy, and the ultimate sizes of the inflorescences are largely controlled 

by the amount of growth made during the same period. 

• 

A comparison of the conditions prevailing during the periods when 
the anlagen form inflorescence primordia and when they differentiate 
as tendril primordia indicates the nature of the conditions which are 
inducive to inflorescence differentiation. 

^ The conditions obtaining during late spring, summer, and autumn 
are characterized by the gradual slowing and final cessation of vegetative 
growth translocation of sugars to the maturing grape, followed by the 
conversion of sugar products, and the storage of starch. The conditions 
obtaining during early spring are characterized, on the other hand, by 
the re-conversion of starches to sugars, commencement of vegetative 
growth concurrent with the rise of the sap, followed by a progressive 
increase in the rate of vegetative growth. A comparison of these sets 
of conditions suggests that the early cessation of growth in summer and 
the rapjd accumulation of starch may be conducive to the differentiation 
of anlagen as inflorescence primordia. 

The following instance lends strong support to this contention. In 
one experimental field, owing to abnormal weather conditions, an early 
loss of crop occurred in December, 1931. In the succeeding year, how¬ 
ever, the bud fertility (fruitful shoots/total buds) of these vines was 
60 per cent., in marked contrast to the values of from 37-40 per cent, 
attained in other fields where the 1931-32 crop had been harvested. It 
might be inferred that, consequent on the premature loss of crop, there 
was an early accumulation of starch within the annual wood, and this 
in turn tended towards the differentiation of a high proportion of 
anlagen as inflorescence primordia. 

Experimental work, based on the conclusions drawn from the obser¬ 
vations communicated in this article, is at present in progress. In one 
series of experiments, an attempt is being made to influence the develop¬ 
ment of the anlagen and primordia during summer and autumn by 
cultural means. The object of a second series is to obtain more infor¬ 
mation in respect to the factors influencing anlagen differentiation and 

(n ** Pruning and Thinning Bzperiments with Grapes.’* IJniv. Cal. Agrio. Ezpt. Station, Bdll 
519, 1981, p. 47. 

(•) Subsequent to the presentation of this article for publication, a paper entitled “Flower Bud 
Formation in the (Concord Grape,” by J. C. Snyder, hag appeared in the Botanical OazeUey Vol. 94, Ko.4, 
p. 771. Apart from minor differences, some of which are evidently of a varietal character, such as tha 
numb^ of inflorescences per shoot, this account of the development of the inflorescence and flower o$ 
the vine agrees with our observations. The coalescence of the calyx into a cap has not been'noted by 
us in the Sultana, however. Snyder does not deal with the relationships between infioresceiico and 
tendril primordia upon which the si^ifleanoe of our communication depends. 
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inflorescence primordia development. The process of initiation and 
differentiation on a large number of shoots is being studied each season. 
Growth records and measurements are carried out on these shoots, and 
an attempt will be made to correlate characters of vegetative growth of 
the shoot with the process of anlagen formation, and the tendency to 
differentiate a large proportion of these as inflorescence primordia. 
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The Effect on the Body-Weight and Wool 
Production of Merino Sheep of adding 

Sulphur to the Diet.* 

By A, W, Peirce^ B.Sc.f 

I. Introduction. 

Steyn (1931 and 1932) reported some,experiments in which in¬ 
creases in .weight and wool production of sheep followed feeding 5 to 
SO gm. of sulphur to them weekly. The sheep experimented with ^vere 
mostly full-mouthed, but they increased 40 and 50 per cent, in weight 
during the first twelve months, and a further 20 to 30 per cent, in the 
next twelve months, so presumably they were in poor condition at the 
beginning. Steyn does not mention the diet given or consumed. 

Evidence at preseiit available does not suggest that the sulphur- 

-containing amino-acid, cystine, can ’be synthesised by the animal 

organism from simpler compounds of sulphur. Westerman and Rose 
(1927) showed that thioglycollic acid and dithio-dipropionic acid could 
tiot be utilized for cystine production by the rat. Experimenting with 
the same animal, Lewis and Lewis (1926) and Rose and Huddlestun 
(1926) (and Beard (1925-6) with mice), found that taurine, a derivative 
of cystine, does not supplement a cystine-deficient diet either for main¬ 
tenance or growth. Daniels and Rich (1918) found that inorganic 
aulphates could not supply the cystine deficiency of a ration nor spare 
the maintenance demand for cystine in rats, and Geiling (1917) that 
flowers of sulphur did not prevent the decline in weight of mice on a 
diet which could be rendered satisfactory by the addition of cystine. 
Muldoon, Shiple, and Sherwin (1924) showed that in dogs fed with a 
•carbohydrate diet insufficient cystine was available to detoxicate brom- 
benzene. Sulphur supplied as free sulphur, sulphate, or sulphide was 
unable to bring about detoxication, whereas cystine could do so. Even 
d-cystine cannot be substituted, in the rat, for the naturally occurring 
l-cystine, according to the recent experiments of du Vigneaud, Dorf- 
mann, and Loring (1932). So far, the only substance discovered which 

• Submitted for publication 7tb April. 1933. 

t An officer of the Division of Animal nutrition, G.S.I.B.,located at the Division'! head-quarters, 
diversity of Adelaide. 
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«eem8 to be able partially or wholly to replace cystine in a diet is the 
amino-acid methionine. The recent observations of Jackson and Block 
(1932) suggest this conclusion. 

The primary object of Steyn^s experiment appears to have been to 
ascertain the amount of sulphur which could be added to the diet of a 
aheep without poisoning it. He points out (p. 491) the defects* of his 
experiment, and that before coming to any definite conclusions as to 
the effects of sulphur on the weight and wool production of sheep it 
would be advisable to conduct experiments on groups of sheep of more 
lomogeneous compositions than those he employed. 

However, as the average increment of weight in the sheep observed 
by Steyn improved with the increase in the amount of sulphur given, 
and the wool production in those receiving sulphur was 10 to 40 per 
cent, greater, it was decided to undertake an experiment to see whether 
the addition of flowers of sulphur (brimstone and treacle) to a diet, the 
protein of which was largely furnished by casein which has a low 
cystine content, would lead to the growth of more wool. On this diet, 
experience had shown that wool production was below normal. 


2 . Arrangement of Experiment. 

As the experiment was concerned mainly with wool production, 
mature sheep were selected in order to eliminate complications caused 
by growth which would have intervened had young animals been used. 
Eight ewes almost five years old, and two wethers nearly four years 
old, were divided into two groups each containing four ewes and one 
wether. The difference between the mean weights of the two groups 
after shearing was 5 per cent., and the groups were also matched so that 
they were as similar as possible in wool character. The lightest and 
heaviest sheep weighed 32 and 52 kg. respectively. The animals were in 
fair condition only at the beginning of the experiment, as they had been 
grazing on natural pasture which is poor in Adelaide in autumn. 

The basal diet consisted of a mixture of 420 gm, of chaffed wheaten 
straw, and 240 gm. of chaffed wheaten hay, together with 100 gm. of 
molasses, 50 gm. of casein, and 15 gm. of linseed oil per day. This 
ration, which contained approximately 62 gm. of digestible crude 
protein, 430 gm. total digestible nutrients, 1,500 calories metabolizable 
energy, and 240 gm, of starch equivalent, proved to be a slightly super¬ 
maintenance ration for the ewes, although not for the wethers, which 
were about 30 per cent, heavier; it was decided, however, to feed the 
same ration to both ewes and wethers. 

One group of sheep received 2 gm. of flowers of sulphur daily in 
addition to the basal diet. 

The sheep were brought into pens from pasture in the middle of 
April, 1932, and were first fed hay chaff with which was mixed a 
gradually increasing proportion of straw, until, by the end of a fort¬ 
night, they were receiving the experimental ration. This was given in 
two portions. The first, in the morning, consisted of some straw and 
h^y mixed with the daily ration of molasses. To this was added casein 
in the case of the control animals, and the casein-sulphur mixture in 
the case of the sulphur-fed sheep. Within a short time, this feed was^^ 
entirely consumed, thus ensuring that the sulphur was taken. In the 
afternoon, the remainder of the straw and hay was fed, together with 
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the linseed oil which was poured over the roughage. With the excep¬ 
tion of. one of the controls which invariably left a small amount, thia 
portion of the ration was also consumed. After about five months, all 
the sheep, but particularly the sulphur group, began to leave some of 
the second meal, so that it was decided to feed hay chaff instead of hay 
and straw at this feed. This resulted in change in the total daily 
roughage to 360 gm. of hay and 315 gm. of straw. Following this, 
the animals began to eat rather better, although some of the sulphur 
group still left a portion of the second feed of the day uneaten. 

Shearing took place at the beginning of the experiment, and the 
animals were again shorn seven months later, in the middle of Decern-- 
ber. The greasy wool cut by each sheep at this second shearing, repre¬ 
senting the growth in 32 weeks on the experimental diet, was weigned. 
The wool from the individual sheep was then put through a fleece- 
breaker of the type described by Wilson (1928). A representative- 
sample of this “ willeyed ” wool was then selected and scoured by the 
commercial method, and the total production of clean scoured wool by 
each sheep calculated. 

Weekly weighings of the sheep took place unless wet weather made 
this impossible. The experimental sheep were dipped five weeks before 
the end of the experiment, as the remainder of the flock was then being 
dipped.’ 

3. Results. 

(i) Weight increase. 

The mean weekly weights are shown in Table I. From this it will 
be seen that both groups of sheep increased slowly in weight at the 
same rate for about the first five months, the growth curves being almost 
parallel during this period. Following this, the decreased consumption 
of roughage led to a decline in weight, which was similar for both 
groups. With the increase in the proportion of hay chaff in the rough- 
age, consumption increased, as also did weight. However, increase in 
weight occurred to a greater extent in the case of the controls, which 
almost overtook the sulphur group. Over the whole period, the sulphur- 
fed animals increased from 40.8 to 46.3 kg., a gain of 4.5 kg., whereaa 
the controls increased from 38.6 to 44.8 kg., an increase of 6.2 kg. The 
weight increases, although somewhat in favour of the controls, are not 
significantly different, especially as the greater part of the difference 
occurred in the last four weeks. 

The addition of sulphur to the diet of these sheep did not cause an 
increase in weight greater than that of the controls. 

(u) Wool Production. 

The weight of greasy w’^ool and the calculated clean scoured weight 
cut by the individual sheep, together with the mean of the groups and 
the quality (count) of the individual fleeces, is given in Table II. 
From these figures, it is seen that there is a slight difference in weight, 
too small to be significant, in favour of the control group. There was 
also little difference between the groups as regards count. Before the 
experiment began, the animals were paired up as closely as possible a$ 
to wool quality, in order that the two groups should be as nearly equal 
as possible in this respect. 
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Table I. —^Mean Weekly Weights. 


Week. 

Sulphur. 

Control. 

Week. 

Sulphur. 

Control. 


kg. 

kg. 


kg. 

kg. 

0 

39 9 

38-4 

17 

46*0 

43*7 

1 

411 

38*6 

18 

46*6 

44*1 

2 

41*4 

38*9 

19 

45 3 

43 3 

3 

40*4 

38*2 

20 

46*5 

440 

5 

40*8 

39*4 

22 

46*5 

44 3 

7 

42*1 

40*1 

23 

46 3 

44*7 

8 

43 0 

41*2 

24 

45*9 

44*4 

9 

43 1 

41 4 

25 

45 5 

44*1 

10 

44 0 

42 1 

26 

46*0 

43*9 

11 

43*1 

41*7 

27 

44 5 

42*2 

12 

44 2 

42 2 

28 

43*8 

43*2 

13 

43*6 

42 7 

29 

45*0 

44*6 

14 

44*4 

42*9 

30 

45*0 

44*4 

15 

44*7 

430 

31 

45*8 

45*5 

16 

44*4 

44*1 





Table IL— The Production of Wool Fleece. 


Group. 

Sheep. 

Sex. 

Greasy Wool (kg.). 

Clean Scoured Wool (kg.). 

Count. 

Experimental 
Period 
(223 days). 

Calculated 
for Twelve 
Months. 

Experimental 
Period 
(223 days). 

Calculated 
for Twelve 
Months. 

Sulphur 

W,27 

$ 

1*96 

3*21 

1-270 

2 080 

60 


Wi43 


1*98 

3*24 

1*405 

2*300 

60 


Wi44 

$ 

1*91 

3 13 

1*125 

1*840 

70 


Wi50 

5 

1*91 

3 13 

1*130 

1*850 

60 


WgSl 


2*48 

4 06 

1*660 

2*715 

60-^ 


Mean 


2*06 

3*35 

1-32 

2*16 

i 

Control 

W,31 

d 

2 51 

4*11 

1*630 

2*670 

1 60-64 


Wi2 

$ 

2*07 

3 39 

1*485 

2*430 

1 58 


W,14 

$ 

2*35 

3*85 

1*460 ! 

2*390 

60 


W,34 

$ 

1*95 

3 19 

1*175 

1*925 

64 


Wi35 

? 

2 04 

3 34 

1 050 

1*720 

! 64 


Mean 


218 

3*57 

1*36 

2 23 

1 

i 


4. Discussion, 

The experiment described by Steyn (1931 and 1932) was, as the 
author himself realized, unsatisfactory in some respects. There was 
lack of uniformity in the animals used. Their weight at the beginning 
of the experiment ranged from 55 to 116 lb., and, as the sheep were 
either full-mouthed or four-toothed animals at that time, many of them 
must have suffered from severe nutritional stress during their lifetime, 
or else were of very different breeding. The fact that the increases in 
weight amounted to as much as 90 per cent, during the first twelve 
months of the experiment shows that the food supply of the animals 
during the experimental period was greatly superior to that before. 
Unfortunately, the diets before and during the experiment are, not 





mentioned. It would not be just to attribute the higher average rate^ 
of increase in weight of the groups receiving sulphur to the nutritive 
effect of this mineral. 

A similar criticism would apply to the conclusion that the sulphur 
increased the production of wool. The variations in the amount of 
greasy wool produced by sheep in the same group are so large (reaching 
78 per cent, in one case, in 1930, and 107 per cent, in 1931) that it is 
doubtful whether there is a significant difference between the groups. 

In the experiment recorded in the present paper, the sheep did not 
differ greatly in weight and were all mature animals. The food con¬ 
sumption of all the sheep, apart from the period of four weeks pre¬ 
viously mentioned, was within 10 per cent. The largest variation 
between the weight of greasy wool cut by any two sheep in the same 
group was 30 per cent. The production of clean scoured wool, however,, 
showed a maximum difference of 65 per cent. 

The experiment shows that the weight increases were not materially 
different in the groups; in fact the slight difference noted was in favour 
of the controls. Thus, what proved to be a maintenance ration for 
the control sheep was also a maintenance ration for those receiving 
2 gm. of sulphur per day. 

The differences in wool growth were also of no significance, although 
they, too, w’-ere slightly in favour of the control group. Feeding of 
sulphur had no effect in increasing wool growth. 


5. Conclusion. 

The administration of 2 gm. of sulphur per day for a period of 
seven months did not increase the wool production of mature sheep. 

While this article was in the press, one by Seddon appeared (Amt. 
Vet. J, 9: 154, 1933) giving the results of a somewhat similar experi¬ 
ment. Two groups, each of. 7 wethers 13 months old, even in body 
weight, size, and wool quality, were run together on pasture for two 
years. One group received 10 gms. of sulphur three times per week.. 
The result showed that the sulphur had no material effect on body or- 
fleece weights. 
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The Microphotography of the Living Virus of 
Pleuro-Pneumonia of Cattle. 

By A, IV. Turner^ DSc.^ D.V.Sc.^ 

The purpose of this brief note is to introduce and explain some 
photographs of the causal organism or virusof pleuro-pneumonia 
of cattle. 

The living organism was first observed as minute oscillating points 
by N’ocard and lioux in 1898, when grown by them in collodion sacs in 
the peritoneal cavity of the rabbit. 

A little time afterwards, it was cultivated in vitro by them in 
collaboration with Borrel, Salimbeni, and Dujardin-Beaumetz. In 1910, 
Borrel, Dujardin-Beaumetz, Jeantet, and Jouan published a paper on 
the morphology of the causal organism, based mostly upon stained centri¬ 
fuged deposit of cultures, but they included a drawing illustrating 
certain forms seen by the aid of dark ground illumination. Their work 
was quickly challenged in Germany by Freiberger(1912), who declared 
the forms described by the French workers were merely precipitates, &c^ 

Examination by dark ground illumination does not appear to have 
been very successful in the hands of any of the later workers. As late 
as 1923, Frosch, in Germany, investigated cultures by photographing 
them in ultra-violet light, and found only tiny spheres and a few 
Y-shaped elements, and as a result considered the organism to be allied 
with the yeasts. Barnard, in 1925, in England, during his work with 
Gye on the etiology of cancer, studied cultures of pleuro-pneumonia 
virus by the most efficient method of investigation known to science, 
i.e., photography by dark ground illumination using ultra-violet light, 
and similarly found only tiny spherules; as a result, he suggested an 
extraordinary method of multiplication by a process of budding. The 
photographs of both Frosch and Barnard are far from satisfactory or 
convincing. Wroblewski (1931), who has published an excellent account 
of the morphology of the organism as revealed by stained preparations 
of cultures, could find nothing characteristic by dark ground examina¬ 
tion of cultures. As a result of this work, he has claimed that the 
organism reproduces both asexually and sexually. 

Interest in the morphology followed upon our introduction of a new 
culture medium known as ‘‘ filtered V.F.-ox serum,” and which gives 
heavy growths overnight.f Examination by ordinary dark ground 
illumination was consequently commenced. Enormous numbers of 
organisms in various stages of growth were readily found; work on its 
morphology and life history as revealed by a study of the living 
organism has been going on for about twelve months, but until recently 
attempts to photograph the organism have been unsuccessful, the amount 
of light passing through the microscope by this method of illumination 
being relatively small. 

However, certain results have at last been obtained, and what are 
undoubtedly the first satisfactory photographs of the living virus of 
pleuro-pneumonia are presented in the accompanying photographs.^ Our 

* OfBcer-iii'Cbarge, Animal Health Besearch Station, Oonoonba, Townsville, Queensland. 

t This medium will form the subject of a paper to be published elsewhere. It is essentially the 
medium used by us in our black disease studies (O.S.I.B.. Bulletin 41), containing 10 per cent, of 
serum and sterilized not by heat but by filtration through a Seitz E.K:. disc* 

t See Plate 0, facing page 809. 
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success over workers witt superior equipment may be attributed partly 
to tlie culture medium, and partly to the technique used for producing 
the photographic records, which has been made possible by the valued 
assistance of Mr. A. T. Dann, M.Sc. Briefly, the photographs were 
taken by supporting, in contact with the ocular of the microscope, a 
Leica camera fitted with an Elmar F. 3.5 lens of 6 cm. focal length, 
at full aperture and focussed at infinity. The microscope was fitted with 
a 60 X apochromatic homogeneous oil immersion objective, with iris 
diaphragm giving a numerical aperture from 0.85 to 1.00; compensating 
oculars were used, the most useful being the K 15. The magnification 
thus given would be 60 X 15 = if the image were projected on a 
screen removed the conventional 25 cms. from the ocular; but as the 
image was actually focussed in the camera on the sensitive film about 
5 cm. from the ocular, the actual magnification was one-fifth of 900, 
or 180 diameters, and its luminosity was increased proportionately. The 
Leica . camera uses cinematograph film, and makes negatives 37 mm. x 
25 mm. The particular film used was Agfa Superpanchromatic, of 
such fine grain that the tiny negatives readily allowed the enlargements 
illustrated to be prepared, showing the organism at a final magnifiotition 
of 1,250 diameters. Even with this film, which is probably the fastest at 
present known, exposures* could not be reduced much under one second, 
and consequently some of the photographs show evidence of Brownian 
movement. The source of light was a Phillips 75 c.p. Pointlight with 
aplanatic condenser; the dark ground condenser was the Zeiss Oardiod. 

A perusal of the photographs will reveal that the organism typically 
produces a branched mycelium that may reach a surprising size. The 
long filament with terminal branches in Fig. 1 is over 66/i long; the 
longest we have yet seen measured 155/a long. Obviously, such forms 
cannot be filtrable; but the organism owes this property to its extra¬ 
ordinary facility for fragmenting. The mycelia during observation 
may within a few minutes become ‘beaded, very closely resembling 
streptococci, the elements of which thereupon proceed to break away 
as approximately spherical cocci about 0.2/a in diameter. Streptococcoid 
forms are produced very early during growth. Essentially similar 
branched mycelia can be seen in pleural virus” of natural cases 
of pleuro-pneumonia, provided it is examined immediately after 
removal; within a few hours, only the tiny coccoid forms may be found. 

Some of the photographs illustrate small spheres similar to those 
illustrated by Barnard and by Frosch; in cultures on serum V.F. agar, 
spheroidal forms predominate, many of them at closer examination 
revealing themselves as concavo-convex or flat discs; but it must be 
conceded that they are far from representing the characteristic and most 
striking stage of the life history; they become more common in filtered 
V.F.-ox serum ” as the cultures age, and are possibly another filtrable 
phase. 

An article covering the above work in more detail will be published 
shortly. 

Throughout the investigation, the greatest assistance has been given 
by my colleagues, Messrs. A. D. Campbell, B.V.Sc., and A. T. Dick, 
B.Sc., who have frequently drawn my attention to cultures and pre¬ 
parations suitable for study. 
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Radio Research Board: Fifth Annual Report 
(for the Year ended 30th June, 1933). 

The Radio Research Board of the Council is constituted as follows:— 

Professor J. P. Madsen (University of Sydney), Chairman; Mr. H. P. 

Brown (Director-General, Postmaster-Generars Department) ; Electrical- 

Commander F G. Cresawell (Department of Defence) and Professor 

T. H. Laby (University of Melbourne). Its previous annual report was 

published in this Journal (Vol. 6, No.<4, November, 1932). —^Ed. 

i. Qeneral. 

During the past year, the work of the Board has been continued on 
its former lines, the main investigations concerning (i) the reflecting 
layers of the ionosphere, chiefly from the point of view of fading 
problems, and (ii) atmospherics. 

The original thre^ year arrangement regarding the financing of the 
Board has now expired, but the two co-operating bodies, namely, the 
Postmaster-GeneraPs Department and the Council for Scientific and 
Industrial Research, have entered into another agreement to finance 
the Board’s work for a further period of three years as from the 1st 
July, 1933. The Department will continue to meet three-quarters of 
the total cost of the Board’s operations. This measure of stability 
to its investigations—so necessary if effective work is to be done—is 
appreciated by the Board. 

Further changes in the staff of the Board have taken place. Hr. 
R. 0. Cherry, M.Sc., resigned as from the beginning of 1033. Two 
new appointments have recently been ma^e, the appointees being Dr. 
G. Builder, M.Sc., Ph.D., and Dr. H. C. Webster, M.Sc., Ph.D. Both 
of these are Australian graduates, the former from the University of 
Western Australia, and the latter from the Universities of Tasmania 
and Melbourne. For the last few years, they have been gaining post- 
^aduate experience in Great Britain. It is expected that they will 
reach Australia in about September, 1933. In the first instance, Dr. 
Webster will be allocated to work on atmospherics, and Dr. Builder to 
fading and propagation problems. 

2. Work on Fading and the Ionosphere. 

The completion of the experimental transmitting equipment at ttie 
University of Sydney at the .end of last year has made possible a con¬ 
siderable extension of the Board’s investigations of fading and the 
ionosphere. 

In the previous work of the Board carried out at Jervis Bay’’*, it 
was evident that under the particular conditions that applied, the chief 
Teflecting medium concerned in the return of indirect rays to the earth 
was a layer at a height of about 110 kms., i.e., the Kennelly-Heaviside 
Xayer. However, definite indications of the effect of the Appleton 
Layer at a height of about 250 kms. were observed, and it appeared 
desirable to make further investigations of this reflecting region. For 
this purpose, a different set of experimental conditions was required. 

The opportunity for these observations oiJcurred with the completion 
of the Sydney University transmitter. Field intensity measurementsf 
of a B ” class station located in Sydney and working at a frequency^ 

* See Radio Research Board—Report Ko. 2, Council for Scientiflo and Industrial Research, 
Bulletin 50 

t Desorlbed by Green and Wood in J. ln»t. Eng. Vol. 5, No I, January, 1088. 

C.8778.-4 
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of 1,125 kilocycles per second were used in the selection of a suitable 
set of conditions for the new Appleton “ frequency-change ” experiments. 
As a result of this short survey of both ground and sky wave intensities, 
it was concluded (i) that the University transmitter should operate at 
a mean frequency of about 1,500 kilocycles per second, (ii) that a 
special transmitting aerial should be available, in addition to the 
normal type, in order to increase the sky wave radiation, i.e., an aerial 
whose radiator was a horizontal wire one half wavelength long, and 
(iii) that the existing receiving site at the Military Camp, Liverpool, 
N. S. Wales, distant 25 kms. from the sender, was suitable. 

Preliminary tests at Liverpool showed that, even at this short 
distance from the transmitter, sky wave intensities were adequate for 
the frequency-change ’’ experiments, and during the latter part of 
1932 an extensive programme of ionosphere height measurements was 
undertaken. Observations were made during the greater part of the 
night, both in Melbourne, where the received signal was due entirely 
to sky waves, and also at Liverpool, where there was also a ground wave 
present for reference purposes. 

The results obtained at the shorter distance showed that the 
Appleton Layer was more often the reflecting agent than the Keiinelly- 
Heaviside region; thus it was possible to make a,much more extensive 
investigation of the upper layer than had been possible at Jervis Bay, 
Avhere penetration of the lower layer was only infrequently obcerved. 

The simultaneous observations made in Melbourne, distant 800 kilo¬ 
metres from the sender, have thrown considerable light on the 
mechanism of interstate brpadcast reception at distances of this order. 
On those nights when the ^eck measurements at Liverpool indicated 
that the Kennelly-Heaviside Layer was in operation, the reception in 
Melbourne was comparatively steady, and the photographic records of 
the special frequency-change ” tests showed that the received signal 
was composed of two sky waves of approximately the same amplitude. 
On other nights, when the Liverpool measur(*ments showed that the 
upper layer was the chief reflecting agent for sky waves received at 
short distances, the long distance reception was irregular, variations in 
signal occurring very frequently; at these times the frequency-change 
tests showed that either two or three sky waves were being received, one 
of them having a much longer path than the others and being of less 
intensity. 

Although the records taken during this period have not yet been 
fully analysed, it is possible to form the general conclusions that:— 

(i) In the case of long distance reception; slow fading is 

caused by interference between, and by changes in amplitude of, 
two sky waves, each returned to the earth by the Kennelly- 
Heaviside Layer. Fast fading is ordinarily due to an indirect 
ray from the Appleton Layer. ^ 

(ii) In the case of short distance reception, slow period fading 
seems always to be due to interference betw^een the ground wave 
and a sky wave singly-reflected from the Kennelly-Heaviside 
Layer. Fast fading has been traced, at different times of the 
night and on various occasions, to (a) the reception of a doubly- 
reflected wave from the Kennelly-Heaviside Layer in addition to 
the singly-reflected wave from the same layer, to (b) the singly- 
reflected wave from the x\ppleton Layer at times when the main 
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sky ray is that from the Kenuelly-Heaviside -Layer, and to (c) 
the doubly-reflected wave from the Appleton Layer at those 
times when the main sky ray was also from the same layer. 
There have also been occasions during the sunset period, when 
the origin of fast fading has escaped detection. 

The same field-intensity set which had been used in obtaining data 
for the operating conditions of the Sydney University transmitter was 
later converted for measurements at a frequency of 200 kilocycles per 
second (1,500 metres wavelength), the stations observed being the 
Naval Board’s transmitters VHD and VHJ at Garden Island 
(Sydney Harbour), and at Flinders Naval Depot, Western Port, Vic¬ 
toria. With this equipment, measurements of ground wave attenua¬ 
tion, night-time severity of fading, intensity of sky wave, and the 
intensity of atmospherics, have been made in a number of representa¬ 
tive localities in south-eastern Australia, both along the coast-line and 
inland. In consequence, much information regarding the fading of 
long waves over different types of country and at different distances 
from the transmitter has been obtained. The results of this work 
have recently been published (»7. Inst. Eng. Aust., Vol. 5, No. 6, June, 
1933). 

Steady progress has been made at Liverpool with the design and 
operation of apparatus to measure simultaneously all of the properties 
of downcoming waves, including length of atmospheric path, angle of 
incidence at the ground, amount of lateral deviation from the direction 
of propagation of the ground wave, relative intensities of the normally 
and abnormally polarised components of magnetic force, angular phase 
difference between these components, and the sense of rotation of the 
total magnetic force. 

Pr(*lirninary results already obtained tend to indicate- that the 
amount of lateral deviation for an east to west direction of transmission 
is small, but tests of the apparatus have not yet reached the stage when 
a definite announeeinent can be made as to the accuracy of the measure¬ 
ments. Concurrently with this experimental work, it has been found 
necessary to prosecute a number of theoretical investigations concerned 
with the reception of more than one downcoming wave in addition to 
the ground wave. The results show that care will have to be exercised 
in the selection of suitable conditions for these experiments. 

3. Work on Atmospherics. 

Equipment .—The use of cathode ray direction-finders for observing 
the intensities of atmospherics and locating their sources was described 
in last year’s report. This work has been continued in co-operation 
with the Solar Observatory, Mt. Stromlo, F.C.T., particularly with a 
view to providing more accurate information on the sources shown on 
the directional recorder charts. 

The recorder—^which is located at Mt. Stromlo—previously worked 
on a wavelength of 30,000 metres, and the aerial system rotated once 
every quarter of an hour. Owing, however, to the good propagation 
on this long wavelength, it was found difficult to distinguish on the 
charts between sources at 500 to 5,000 kms. and those at several thou¬ 
sand kms. The wavelength has therefore been reduced to approxi¬ 
mately 10,000 metres where the variation of intensity with distance is 
greater. It was found also that the speed of rotation was too great to 
record accurately the sources of cyclone activity to the south. Though 
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these are not very important as regards radio interference, they are of 
meteorological significance as indicating barometric depressions, gene¬ 
rally over the sea. The time of rotation of the aerial system and 
recording drum has therefore been altered to half an hour. The 
instrument is now giving reliable and easily interprctable records of 
all sources distant not more than 2,000 kms. by day and some 5,000 kms. 
by night. 

A similar recorder which was remodelled for the purpose in the 
workshop of the Natural Philosophy Department of the University of 
Melbourne has been installed at the Magnetic Observatory at Watheroo 
in Western Australia, so that, in future, a much more accurate analysis 
of the sources in and beyond Northern Australia will be possible. 

As mentioned in last year’s report, an auxiliary receiver operating 
a cathode ray tube was used to measure the intensity on 300 metres 
of atmospherics at the same time as their intensities and directions 
were observed on 3,000 metres on the cathode ray direction-finder, thus 
enabling comparison of the intensities on the two wavelengths. Further 
information Avas obtained by applying a time-base to this cathode ray 
tube so as to give an indication of the composition and duration of the 
atmospherics. Information on the duration of atmospherics was 
obtained also by photographic registration with aai Einthoven galvan¬ 
ometer. A Cambridge Thread Recorder was also found to be useful 
in recording “ noise Vvels ” due to a large number of atmospherics 
at the same order of intensity. 

Results .—The analysis of a year’s charts* of the recorder was 
described in last year’s report and the general conclusions stated. Since 
then, a more detailed analysis of the close sources—Avithin 2,000 kms. 
of Canberra—has been carried out. Only days when cathode ray 
direction-finder observations were also available were considered, as the 
latter enabled the locations of the sources to be determined. The 
region within the range of obserA^ation was divided into equal areas^ 
and tlie sources in each area for the year compared as regards the 
number, average activity, and aA^erage duration. The diurnal and 
seasonal variations of these factors Avere also studied. 

The main points brought out by the analysis are:— 

(i) In general, the annual number of sources increases 
towards the Equator. The topography also atfects the number 
considerably. • 

(ii) The activity of sources shows a steady increase with 
approach to the Equator. . 

(iii) The average duration of sources increases slightly 
toAA^ards the North, but the most noticeable feature is the marked 
difference between sea and land sources. The average duration 
for land sources in the area studied is 6 hours. They occur 
mainly betAveen noon and C p.m. For sea sources, the average 
is 10 hours, and the times of occurrence are distributed much 
more uniformly over day and night. 

fiv) In the North, the land sources are of the tropical type^ 
and are practically confined to the summer months, while in the 
South they are of the cyclonic type and occur much more evenly 
throughout the year. 

Since this knowledge is available for a considerable part of the 
continent, it may be utilized to estimate the amount of interference 
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with radio reception, providing the intensity of the resulting interference 
is known. 

The intensities ineasured in most of the^past work have been peak 
intensities on the cathode ray tube. These have been compared witk 
the deflections for continuous-wave transmissions, and it has been found 
that, on a broadcast receiver on a wavelength of 300 nrietres, the peak 
intensity corresponds to that which would have been produced by a 
transmitter located at the source of atmospherics radiating a carrier 
wave power of the order of 2 kilowatts. It has been found that the 
peak intensity of an atmospheric is approximately proportional to the 
wavelength, so that the corresponding power on wavelengths other than 
300 metres regarded aS a source of interference will vary as the square 
of the wavelength. 

This knowledge is of value in assessing the probable degree of inter¬ 
ference to broadcast listening, but several steps are necessary before the 
final stage of application can be reached. Since the laws of propagation 
of radio waves are reasonably well understood, it is possible to estimate 
the electrical quantities that will influence listening conditions at the 
receiving end, but the interpretation of these quantities in terms of the 
listener’s experience when listening to a programme requires the intro- 
Auction of psychological and other factors. 

Preliminary observations on this aspect showed that, for several 
individual listeners when listening to a programme of classical music^ 
the interference from occasional atmospherics did not become 
appreciable until the peak intensity of the atmspherics was at least 
equal to the carrier-wave'intensity of the station received. 

The above information is of greatest value for close sources, where 
the direct ray will predominate. At night, however, the indirect or sky 
ray becomes of importance, as the intensity due to it is of the same 
order for distances between 300 and 1,000 kms. The atmospherics will 
then be received from over a great area, and may be in such great 
numbers as to give what approximates to a continuous noise level 
in a receiver of sufflcient sensitivity. For satisfactory reception, the- 
received signal intensity must be considerably in excess of this leveL 
Tests carried out, using a Cambridge Thread Recorder, on a number 
f»f summer nights when some very active sources were being received 
mainly by the indirect ray, showed that the interference from this cause 
would be scarcely audible to a listener receiving a programme of music 
if the carrier-wave field strength of the station was at least 0.5m.v/m. on 
a wavelength of approximately 300 metres. 

The duration and composition of the individual atmospherics is of 
importance in determining the degree of interference caused, and some 
preliminary observations on this aspect have been made by using a 
time-base on a cathode ray tube, and by photographic registration on 
an Eiiithoven galvanometer. These have shown that the average- 
atmospheric from a close source consists of a succession of impulses 
of varied intensity occurring in rapid succession. The total duration 
of a single atmospheric varies from less than 0.1 second to 1 second, or 
even more on occasions. The average duration w^as of the order of 0.4 
seconds for those observed. 

Fvture Worlc .—Preparations are being made for the transference* 
of part of the equipment to a site in Queensland to carry out a more 
intensive study of the very active sources which occur there in the 
summer. The frequency of close sources will also permit of, more 
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ready observations of intensities on shorter wavelengths, and of the 
characteristics of atmospherics and the resultant interference. It will 
also provide a longer observing base for simultaneous direction-finding 
and a location which will be particularly suitable for the sea area to 
the east. 


4. Publications. 

The following publications have been issued during the past year 
as a result of the Board’s investigations:— 

(a) Publications of the Council for Scientific and Industrial 
Research,—Bulletin 68.—Radio Research Board: Report No, 6, 
Atmospherics in Australia—I.”, by G. H. Munro, M.Sc., A.M.I.E.E., 
and L. G. H. Huxley, M.A., D.Phil. 

(b) Individual Articles, —(For convenience, summaries of those 
reports are also included). 

1. “ A Field-Intensity Set,” J, Inst, Erig, Aust,, Vol. 6, No. 1, 

January, 1933, by A. L. Green, M.Sc., and H. B. Wood, 
B.E., B.Sc. 

The paper describes a field-intensity set for studying both ground 
and sky waves. A novel feature, making for simplioity of calibration, 
was the use of a vacuum-tube millivoltmeter, specially designed to have 
a high sensitivity. Its use enabled the components of the artificial 
signal injection apparatus to be calibrated directly; the accuracy of the 
complete assembly therefore finally depended only on the precise 
measurement of the geometrical dimensions of the loop aerial, and on 
the calibration of tlie vacuum-tube millivoltmeter. The use of a sub¬ 
stantially linear vacuum-tube voltmeter, following the amplifier in the 
receiver, greatly facilitated the measurement of the low field-intensities. 
A few results of practical tests with the apparatus in measuring field- 
intensities of both ground and sky waves from a B ” class transmitter 
located in.Sydney are given. 

2. “ Measurements of Attenuation, Fading and Interference in South- 

Eastern Australia, at 200 kilocycles per second,” J, Inst. Eng., 
Aust., Vol. 5, No. 6, June, 1933, by G. H. Munro, M.Sc., 
A.M.I.E.E., and A. L. Green, M.Sc. ‘ 

The same field-intensity set described above, but converted for use 
at a wavelength of 1,500 metres, was employed. 

(i) Atteiuiation .—Equivalent ground conductivities, in electro¬ 
magnetic units, were deduced for the following types of country:—For 
transmission along the coast, ground wave path mainly ovCr sea, the 
conductivity was lO"^’^ to 5 x 10“^®. Transmission over flat country, 
conductivity 10~^^; over flat wooded country, conductivity 5 x 10”^*. 
Transmission over undulating wooded country, conductivity 10“^*. 
Transmission over country, including mountain slopes, conductivity 
3 X 10~^®. 

(ii) Fading. —The observations made in the areas where the carrier 
wave was exhibiting the variations characteristic of fading permit the 
following deductions to be made for a frequency of 200 kilocycles per 
second:—For coastal districts, where much of the transmission path is 
over sea water, the 50 per cent, fading ring is not closer than 550 kms. 
to the transmitter. For inland districts, where the intervening country 
is undulating and wooded, 50 per cent, fading is first encountered at 
about 250 to 350 kms. from the transmitter. For inland districts, where 
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some part of the transmission path is over mountain slopes, the 50 per 
cent, fading ring occurs at about ‘200 to 250 kms. from the transmitter. 
The greatest values of indirect ray intensity recorded were a little higher 
than 0.1 millivolts per metre for 1 kw. radiated. 

(iii) Interference .—The general noise-level due chiefly to 
atmospherics propagated at night from great distances, did not exceed 
0.015 millivolts per metre. 

3. “ The Limiting Polarisation of Downcoming Radio Waves 
Travelling Obliquely to the'Earth’s Magnetic Field,by W. G. 
Baker, B.E., D.Sc., and A. L. Green, M.Sc., accepted for pub¬ 
lication in the Proc. Inst. Radio Eng., New York, 5th April, 
1933. 

The basis of this paper was Radio Research Board, Report No. 3 
(Council for Scientific and Industrial Research, Bulletin 60). Since 
this report was published, however, the theoretical investigation has 
been extended, and the following summarises the complete paper;— 

It is found that, as a downcoming wave leaves the ionosphere, the 
polarisation tends to a definite limit. The shape of the polarisation 
ellipse is determined solely by the frequency of the wave relative to the 
critical frequency and by the angle between the direction of propagation 
and the lines of force of the earth^s magnetic field. The orientation of 
the ellipse is such that the major and minor axes are perpendicular to 
the direction of propagation; the major axis is in the plane containing 
the direction of the earth’s field and the direction of propagation. The 
sense of rotation of the electric vector contained by the ellipse is left- 
handed when the direction of propagation of the ordinary ” down¬ 
coming ray makes an acute angle with the earth’s field; the rotation is 
right-handed when the angle is obtuse. The sense of rotation of the 
extraordinary ” ray is the reverse. By a simple transformation of the 
principal components of electric force, namely, those directed along the 
axes of the ellipse, to components respectively in the vertical plane con¬ 
taining the sending and the receiving stations, and parallel to the ground, 
it has been shown to be possible to predict the polarisation of a down- 
coming wave, as measured at the ground, at any given distance and in 
any direction from tlie transmitter. As a practical example, maps 
have been drawn on which there have been marked linos of equi- 
polarisation, the conditions being those for transmission from station 
2BL, Sydney, New South Wales, frequency 855 kilocycles per second. 

An important theoretical point which appeared in the course of the 

analysis was that, in the ionosphere, the true direction of propagation 
is oblique to the wave-front. Practically, this means that a wave 
propagated obliquely to the earth’s magnetic field will be laterally 
deviated; the amount of deflection depends on the gradient of ionization 
in the layer. 

1. The Polarisation of Sky Waves in the Southern Hemisphere,” 
by A. L. Green, M.Sc., transmitted to the Institute of Radio 

Engineers, New York, for publication in the Proceedings. 

The article is based on a part of Radio Research Board Report 
No. 2, Bulletin No. 59 of the Council for Scientific and Industrial 
Research. It describes the experimental measurement of right-handed 
polarisation of downcoming waves as compared with Appleton’s obser¬ 
vations of left-handed rotation in the Northern Hemisphere. 
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The Composition of Different Regions of Mounds 
of Eutermes exitiosus Hill. 

By F. G. HoldaWayt MSc,, Ph.D. 

Erratum. 

The author of this article, which appeared in the previous issue, has 
now noted that in portion of the discussion on the lignin : cellulose ra^io 
the ratio was given incorrectly. At the bottom of page 164, the last 
paragraph should read :— 

The ratio of lignin to cellulose in its food would therefore be 
about 1; 2, and this ratio has been changed by digestion of cellulose 
to 4:1. (A similar change from a lignin: cellulose ratio in 
camphor wood of about 1: to a ratio of about 4:1 in the nest is 

recorded by Oshima(1919) for Coptotermes formosanus, . 


Botulism of Sheep ,in Western Australia and its 
Association tvith Sarcophagi a. 

By H, W. Bennetts, D.K.Sc. 

Erratum. 

In the article entitled Botulism of Sheep in Western Australia, 
and its Association with Sarcophagia,” and appearing in the previous 
issue, it was stated that on one property where green lucerne, rabbit 
carcasses, and mounds of rabbit droppings were all exposed to a mob 
of sheep, they showed a decided preference for the droppings. This 
statement was based on a report from a source which was believed to 
be quite authentic, and was accepted in good faith. Recently, it has 
been established that the facts w^ere misstated. No lucerne was exhibited. 
It has been frequently noted, however, as in this instance, that sheep 
show a marked appetite for rabbit droppings, which are preferred 
when only dry feed is available. 
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PLATE 2. 


{Downy Mildew (Bine Mould) of Tohuceo. See page 260.) 



tobacco attacked in the autumn. 
















PLATE 4. 


{F}uif Bud Studies. II. The Sultana. See, page 285.) 


Lon(utuj)inal Sections of Suetana Buds. (x36.) 



Fk: 1 (top left) -The 7th Tmd 14 3.30 s.hoMinit .i (\pieal inflnre‘>eenee pi iinonliiiiii (0 \t "a " is 
an iinfllirereiitiated atil.i^e Kn; 2 (tup riRlit) — Sta^'e leaehed h\ inosf ad\nnced infloie''Cence piimordia 
hj, end ut Aii^nst An aiila<;e at “a” KpJ i (I’ontie left),- Tiie inllf»re8reiK*e diinn" rapid growth 
jUHt prior to ofieninir ut tlie laid 'reridiil piiiiu.rdiiini at “t Fio 4 (eeiitre riuld) - 'I’xpieal tendril 
primurdia at t ” uiflj anaiila^'o at “ a ” \ with no inlluiefleenee, 2ri<i Septemher. Fi<J 5 (Ixittom 

left),- -At “ tr ” theie is a tiansitiun furrn piinioidiiiii^ Flo 0 (bottom li^ht) ■—At “tl ” a transition 
form prlmordinm is shown \t “ <i ” is an anlaire, wlnlst at at “ t ” an aniaue whlelx is diffc lentiatinp as 
a tendril iirimoidlnni Is .shown. 
















PLATE 5. 


(Fruit Bud Studies. //. The Sultana. See jmge, 285.) 


Sections of the Inflorescence of the Sultana. (x 72, Except Fig. 6.) 



Fin. 1 (top left)—\ smnll poilion of flie inflore^-cenee represented in FIk 3, PInte 4. prior to flower 
formation Fio ii (top iiiiht) The flist nidieation ot flo%u*i initiation is seen in the <ii\ision o| eaeh 
yrowin^ apex into three Fni 3 (eontre lett) 'Pliret* flower primonlia with sepals pist formed 
Sth Septemhei, It) JO Kin t (eentie iiiiht)--The sepals, |H*tals aiul stamens toimed in three flowers, 
Tlie jietals enrMim inwards prioi to tn.sinjf iMrd lsef>tenil)ei. ll>2i) Kin (bottmn lelt)—.A single 
llow'er showinu onmn of the eai|K‘lsand petals fused :!ml Oetoher, ll>2t) Kin (t (hottoiii ri){ht)—The 
flower on the I3th Oetoher about a tortniiiiit helore l>loom Mature pollen is iiresent in the antlier. 
(X 36). 











PLATE ^6. 


{The Micro photography of the Living Pleuro’Pneamonia 
Vims of Cattle. See page 299.) 


pLKriU>-]*NKnMOM V “ \ Iltrs ” TAKEX IlV l)\RK 
<;R<»rM) IRU'MIN \TI<)N. 



Fkj. 1. —Long m\T*eliu!ii witli tuft of biaiiclios 
at oa<*h 011(1. -Total length ahout LV 
Cult, in 20 hours old x 12.^0 


PleTBO-PnEUMONIA “VIKUS’* TAKEN BY DARK 
GROUND ILLUMINATION. 



Fi(i. 2.— Cult. Ill V.F.-O.S., 20 hours old, 
showing mycelial fiagmonts and splienoal 
lorm. X 12i>0. 
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NOTES. 

The Register of Agricultural Research. 

One of tlio first rocoinmendations of tin* Standing Oominittee on 
Agrienltnre (soo this Journal 1; 58, 1927), which is r(*pr(*sc*ntative 
of the various State Departments of Agriculture and of the (council, 
was that a record of the individual agricultural n^searclu's in progress 
in various localities in Australia should be prepared and k(*,pt up to 
date from time to time. It was considered that this record would be 
useful in connexion with the general movement for the dissemination of 
th(i results of sci(*ntific, research and for tin* avoidance of overlapping. 

Some years ago, the first record was pn^pared und(‘r the title “ The 
Kegist(*r of Agricultural Rt^search.’’ The various State I)(*partments 
of Agriculture, Universities, the Council, have re(*ently brought 
th(^ relevant information concerning their resc^arch work \i\) to date, 
and a new Register has b(‘en prepared, (^opies hav(* just been distri- 
buted to Stat(‘ Departments of Agriculture, Universities, the ('Ouncil, 
and main Public Libraries throughout the (k)mmonwealth. In addition, 
a few co])ies have b(‘en sent to (Ireat Britain for the information of 
agricultural research authorities there. 

It will be (piite im])ossible to supply any particular inv(‘stigator 
with a copy, as the Registcu* has not been printed, (^opies are available 
for perusal, how(‘ver, on a])plication to the organizations mentioned in 
tin* prt‘C(*ding paragraph. 


The Division of Forest Products -Visitors to Laboratories. 

Early in November, Mr. A. T. J. Bianchi, Ofiicer-in-charge, 
’rechnology S(*ction of the Eorest Research rnstitute, Buitenzorg, Java, 
will commence a stay of some mouths at the laboratories of the Division 
of Eorest Products. This institute proposes to erect experimental 
seasoning kilns and commence a series of investigations into the kiln 
seasoning of tin; tiinlxu’s of the Dutch East Indies. While at the 
laboratories of the Division, therefore, Mr. Bianchi will make a 
comprelnnisive study of the Division’s seasoning research, as well as of 
the types of kilns in commercial use in Australia. 

Accompanying Mr. Bianchi will be one of the engineers of the 
Royal Pack(*t Navigation (^onipany, Mr. C. J. Andriesse, who will take 
an active part in the erection and operation of a trial kiln which is 
to l>e erected at a commercial plant in addition to one or two laboratory 
kilns at the Research Institute. 

Mr. E. (irogson. Utilization Officer of the W(‘stern Australian Forests 
Department, is also spending tw'o months in the Division to study the 
methods used in attacking problems of utilization and s(‘asoning. 
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The Qas Storage of Foods : A Review of the Present Position. 

A paper on the above subject by Dr. Franklin Kidd, M.A., D.Sc., of 
the Low Temperature Hesearch Station, Cambridge, was read on the 
14th February last before the North-^West Branch of the British 
Association of liefrigeratioii, and has bemi published in the Proceedings 
of the British Association of Refrigeration, Vol. XXIX., Xo. 2, 1932-33, 
pp. 130-145. 

The first investigations by the British Food Investigation Board on 
gas storage were undertaken as a result of a series of publications in 
1914 on the influence of carbon dioxide upon the germination, 
respiration, and life duration of seeds. At the outset, the dominating 
id(*a was that atmosphere* control might prove effective without 
temperature control, and thus serve as an alternative method to the 
use of cold storage. This idea was soon shown to be without foundation. 
It was also realized that different products would differ in their reaction 
to atmos23here control, and it was decided to confiiu* investigations in 
the first place to one kind of fruit, nam(*ly, the api^le. Every year, 
only one set of apx)l(‘ storage ex 2 )erimeiits can be carried out, and hence 
progress was slow. 

In the course of two or tliree years, the exi)erinH*nts w(^r(* developed 
to the scab* of a chamber liolding 8 tons, but without temperature 
control. At this stage of the work, several facts (‘merged. Tlui first 
was that under the (conditions of restrict(*d ventilation with fresh air 
many varieties tended to scald badly in gas storage*, though otherwise* 
well j)res(*rved. 

Scald is a superficial browning of the skin, which greatly disfigures 
ap 2 )les and ren(le*rs the*m suscx* 2 )tible to fungal rotting. Another 
impen’tant fact brought to light by these e‘xperime*nts was that in bulk 
storage without temperature control the* self-heating of the fruit was 
a serious factor. During cold weather, the* average* inside temi^erature 
in the store was about 50® F. higher than the outside temperature, 
whilst during warm weather the diffe*rence was over 10® F. It was 
found that the beneficial effect of the atmosijhere control in r(*tarding 
the* ripening was counteracted by warm autumn temperatures in the 
early days of storage. An expe*riment was accordingly made in which 
refrigeration was used only in the* hot we*e^ks of early autumn. The 
re_*sults of these trials were une*xpected. Some of the varieties of ajjj^les 
used were found to be seriously affected by a new type of injury like 
rhat known as low temperature internal breakdown. In contrast wilh 
this, the other varieties were pr(*served in a manner and to a degree 
far exceeding that ])Ossible with cold storage alone. 

This experime'iit definitely marked the end of the ide*a that gas 
storage* without temiK*rature control was an alternative method to 
ordinary cold storage*. It cannot be too definitely stated that, for ne*arly 
all purposes, terni^erature e'oiitrol is essential in the gas storage of fruit. 

By tliis time, the Low Te‘mj)erature* Researedi Station at Cambridge 
had bee*n comple‘ted, and it was thus })ossib]e to make use of greatly 
improved facilities for more accurate and comprehensive exj)eriments. 
The variety of apple used was the Brarnley’s Seedling, which is the 
most important English culinary variety. The experiments showed very 
(dearly that, for Bramley’s Seedling, JO j^er cent, oxygen and 10 per 
cent, carbon dioxide at 40® F. gave re*sults much superior to those of 
cold storage and air. As soon as the results of these experiments, which 
were carried out in 1926-27, became known, growers began to embark 
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upon the construction of refrigcu’uted gas stores for the storage of 
Bramley’s Seedling. There art* now five large commtu'cial gas stores 
in operation in Kent. 

Thougli the economic possibilities of gas storage for fruit were 
thus definitely established, a great deal of further work had iHwertheless 
to he done. With this in view, tin* Ditton Laboratory of the Food 
Investigation Board has been (*(juij)p(‘d for semi-large scab* gas storage 
work. In two years, a great deal of further information has been 
obtained. One of tin* most instructive* and uscTul lessons has b(*(Ui the* 
demonstration of the great ease with which gas injury may be incurred 
if safety limits either of oxygen or carbon are overstepped. Moreover, 
the critical importaiw'e* of teiiiperature in r(*gard to gas tolerance limits 
has been strongly (*nij)hasized. It has b(*(*n a g(m(*ral rule to find s(‘rious 
gas injury at 34° F. (breakdown type) and at 50° F. (brownheart 
type) and none at all at 89° F. 

Turning to rec(*nt (l(‘V(*lopments with regard to tin* gas storage of 
meat and fish. Dr. Kidd states that it has been fully demonstrat(‘d that 
the time limits for tin* (‘hilled storage of these foods can be consichu’ably 
ext(*nd(‘d by the use of atmosj)heric (‘oiitrol in addition to low 
t(*mperature. Tin* r(*ason for this is (piit(‘ simple*. The time limits of 
(*old storages ar(^ set in the main by the activity of living micro-organisms 
•“fungi and bactenda. It is these living organisms which cause 

putrefaction, taint, and rancidity. If tin* vital activity of these 
organisms can In* slowed down or stopped by controlling the carbon 
dioxid(‘ and oxyg(‘n cont(‘nt of the atmosphere*, a ve*ry promising line* of 
de*vele)pm(*nt is open(*(I up. 

As regards pork, chilled storage life* can be (louble*d by the use*, of 
high pe*reentages of carbon dioxide*. Pork has be*e‘n kept in perfect 
condition for ov(*r two months at 0° (\ in (‘oinmercial carbon dioxide, 
and thereafte*r taste*d be*tt(*r than fresh pork, as it was more* tender. 

At the* Tony Ilcse*areh Station, Aberde*en, it has been found that 
fish ])ackeel in ice and stoivd in air was el(*finitely sour and stale after 
fourteen days, wh(*reas similar fish packed in ice and stored in carbon 
dioxide showed no signs of sourness afte*r 2S days. 

Be*e‘f, whe*n stored in air at 29.5° F., was spoilt in 80 days, but 
when stored in an atmosphe*re* of 10 per cent, carbon dioxide was in good 
condition at the end of 00 days. These re*sulls lunV been followed up 
on a senii-commere*ial scale by Dr. J. H. Vickery with very sncce*ssfnl 
re*sults. (See* article on page 288.) 

Similar successful results have beeui obtaine‘el in the storage of 
unsmoked mild cured bacon, wliiedi has been held in perfect condition 
for e*ight(^e*ii weeks at 32° F. (las storage of e*ggs is an (*stablished 
commercial procedure. In Furoja*, there are* a number of stores using 
this process. 

(-arbon dioxide and oxygen are among the most obvious cases of 
control in the storage atmosphere. There are, however, many gases 
and vapours which are likely to have physiological effects ui)on fresh 
foods in storage, such, for example, as ethylene, ozone, ammonia, 
aldehydes, and alcohol vapours. Until recently, experiments with such 
substances were conducted in a haphazard manner without much 
attention to the critical factor of the exact dosage required to produce 
specific effects. To-day, progress is being made because attention is 
being directed to the strength and duration of treatments. 
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Changes in Kiln-Dried Timber during Transit from Australia to England. 

Conlrlbuted by W, /v. (rreenhiU, B,E,, Divinum of Forest Products. 

During recent years, the quantity of seasoned timber shipped from 
Australia to England has bcjen steadily increasing. The conveyance 
of seasoned timber by boat immediately raises the question of the 
probable change in moisture content of the timber which may occur 
during transit. It has b(^en commonly thought that an increase will 
occur, and buyers and sellers, therefore, have frequently inquired as 
to the most suitable moisture content for shipment, so as to provide 
for delivery of the timber as specified. For this reason, an investigation 
of the changes which are normally to be expected in kiln-dried timber 
en route has been carried out by the Division of Forest Products with 
the co-operation of the Forest Products Thisearch Laboratory, Princes 
Risboroiigh, England, and two of the principal shipping companies 
concerned. 

The procedure in the investigation has be(‘n to pn^pare sample 
boards from a consigniiKUit of timber whicli is to be shipped to England. 
Tlui sample boards an* weighed and m(‘asured, and then distributed in 
bundh's amongst the timber as it is loaded into the 4)oat. Upon arrival 
in Kngland, tin? samples are collected, again weighed and measured, 
and then tested for moisture content. Data relating to the conditions 
in the hold during the voyage, to other cargo in close ])roximity, and 
to the general state of the shipm(*nt on unloading an* also coll(H*t(‘(l. 

Two test shipments of the above natnn* hav(‘ now been complet(*d. 
Hoth consisted of kiln-dried and ni-conditioned machined Victorian 
mountain ash flooring, which was handled in bundles of 37 boards (‘a(*h. 
Three samlple bundl(*s, containing the same number of boards, but only 
3 feet long, were distributed in each consignin(*nt. The sam])le bundles 
were carefully end-coated to ensure that any moisture changes in these 
short lengths would be comt)arable with the changes in the rest of tin*- 
shipment, in which the lengths ranged from 0 to 20 fe(‘t. In both 
shipments, the stowage conditions were consid(*red very satisfactory, 
good ventilatioTi being provided throughout the voyages. In the first 
shipment, the timber was in an insulated hold with a quantity of wool; 
in the second, it was stowed with a quantity of other timber. The two 
voyages occupied 55 and 38 days resf)ectiyely. A summary of the 
moisture content changes and changes in the widths of the sample 
boards during the two voyages is given in tin* following table: — 


Shipment. 

Bundle. 

Average moisture content 
of boards in bundle 

Average 

change 

in 

moisture 

content. 

Average width of 
boards in bundle 

Average 

When 

Shipped. 

On 

Arrival 

When 

Shipi>ed. 

1 

On 

Arrival 

change 
in width. 



o/ 

'O 

o/ 

/o 

/o 

inches 

inches 

inches. 

1 

1 

14-3 

141 

-0-2 

3-2ft 

3-25 

-ftOl 


2 

12-7 

12-7 

0 

3 2ft 

3-2ft 

0 


3 

12-4 

12 ft 

-I-0-2 

3 27 

3-2ft 

-001 

2 

1 

13 ft 

13 3 

-0 3 

3 2ft 

3-2ft 

0 


2 

131 

13 1 

0 

3-26 

3-2ft 

0 


3 

13-2 

13 2 

0 

3 27 

3 27 

0 
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It will be seen that during transit the moisture changes of the 
bundles as a whole were negligible. The indicated changes in widths 
of boards are within the limits of accuracy imposed by the methods 
of measuring. Both tests serve to indicate that, if properly stowed, 
timber shipped from Australia at moisture contents from 12 to 14 per 
cent, is unlikely to change to any appreciable extept during transit 
to England. 

Tests of a similar natun* have been carried out by the Forest 
Products Laboratories of Canada, Vancouver Laboratory, on changes 
in kiln-dried timber during shipment from Canada to various parts of 
the world, including Australia, and similar results have been obtained. 


Recent Publications of the Council. 

Sinee th(^ last issue of this Journal, the following Bulletins and 
Pamj)hlets of the Council have been published:— 

HuUetin No. 74.—Observations on Soil Moisture and Water Tables 
in an Irrigated Soil at Griffith, l^.S.W.,” by Krio S. West, B.Sc., M.S. 

The investigations discussed form part of a programme of work 
which the (council is carrying out at Griffith in co-operation with the 
Water (Conservation and Irrigation Commission of T^ew South Wales. 
After the strueturci of the soil and such factors as the fi(*ld capacity, 
the sticky j^oint,’^ and the wilting point have bcion dealt with, the 
^'ffect of weather conditions on the water table is considered at length. 
A subsequent section deals with the effect growing plants have on soil 
moisture and the water table. The value of lucerne as a means of 
controlling a rising water table, and thus of obviating harmful effects 
071 (dtrus, is shown. 

Bullelin No. 76.— A Soil Survey of the nundr(‘ds of Laffer and 
Willalooka, South Australia. Boport of the Division of Soils,” edited 
by J. K. Taylor, B.A., M.Sc. 

The publication deals with the survey of an area in South Australia 
representative of som(* 6,500 square miles of country in South Australia 
and some 4,300 square miles in Victoria, all under a 15 to 20 inch 
rainfall. Three soil types have been named and described in full. It 
is shown that, with the exception of a smjall proportion of the area, 
the bulk of the soils offer very small pi’ospects of economic i*eturns at 
the ])r(*sent time. 

Pamphlet No. 48.—^^Investigations on the Buffalo Fly, Lyperosia 
f xigua de Meij.” I. “ The Host Preference of L. exigua (resume),” 
by Dr. B. J. Kri jgsman and G. L. Windred, B.Sc.Agr.; II. The 
Relation between the Adult L. exigua and Mammalian Faeces,” by 
Dr. B. J. Krijgsman and G. L. Windred, B.Sc.Agr.; III. Some Food 
Reactions of the Laiwae of L. e.viguuP by G. L. Windi’ed, B.Sc.Agr.; 
and IV. The Influence of Moisture on the Larvae of L. exignaP by 
G. L. Windred, B.Sc.Agr. 

The Pamphlet gives the results of some of the work carried out at 
the State Veterinary Institute, Buitenzorg, Netherlands East Indies, 
on the life history and habits of the buffalo fly. The investigations 
were carried out by officers of the Council, who were kindly 
accommodated at the Institute, as part of the Councils general inquiry 
into the Australian buffalo fly problem. 
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Pamphlet No. 44.—“The Chemistry of Australian Timbers: Part 
3.—The Chemical (composition of Four Pale-coloured Woods of the 
Genus Eucalyptus— hJ. giganlea, E. obliqua, E. regnans, and E. 
sieheriana ” (Division of Forest Products—Technical Paper No. 9), by 
W. E. Coluui, B.Sc., A. G. Charles, and A. B. Jamieson, M.Sc. 

The Pamphh't covers a continuation of the analytical work the 
Division of Forest Products is carrying out on the Australian eucalypt 
timbers. It is of particular interest in that it deals with the group of 
species which have proved to be most suitable for paper making in 
Australia. Some regular diifereiices in certain chemical factors, such 
as total pentosans, percentages of “ solubles in various solvents, and 
“ soluble ” ratios, w(M’e found, and the possibility of employing these 
as an aid to identification is indicated. In addition, variation of 
chemical composition within a species was studied, and its possible 
influence on Avood pulp yields is discussed. 

Pamphlet No. 45.—“Australian Kxport Apple (>ascs” (Division 
of Forest Products -Technical Pap(*r No. 10), by W. M. Carne and 
B. F. Turnbull, B.E. 

This publication gives the results of an extensive series o4* tests 
carried out largidy at the instance of tin* Staydards Association of 
Australia and aimed at the ultimate standardization of the Australian 
export apple case. The two main types of case now in use, nanudy, 
the (Janadian and the Australian dump, are described, and the 
disadvantages of using more than one type are stressed. Data regarding 
the protective value of the diff(‘rent ty])es (based on the damage 
occurring during packing and in drop tests), the strength of cases, and 
the effect of cool storage conditions on case timbers, are presented. It 
is shown that und(*r tin* conditions of pa(*Aing us(‘(l the dump shape 
gives better protection to its contents than the (janadian shape, and 
that unduly tight packing is found to be a source of bruising. Bruising 
can be reduced by the use of all-round corrugated strawboards. It is 
recommended that a standardized dump case not less than 18" x 9" 
X 14i" in internal measurements be adopted as the standard export 
apple case. 


Forthcoming Publications of the Council. 

At the })resent time, the following future publications of tin* (k^uncil 
are in the press:— 

Pulletm No. . —“Studies in the Bhosphorus Requinunents of 

Sh(‘(‘p—I.,^’ by C. J. Martin, M.D., D.Sc., F.R.S., and A. W. Peirce, 
B.Sc. 

Bull el In No. . —“ Methods for the Identification of the Pale or 

Light-coloured Woods of the Genus EueMlyptus'' (Division of Forest 
Products—Technical Paper No. 12), by IT. E. Dadswell, M.Sc., Maisie 
Burnell, B.Sc., and Audrey M. Eckersley, M.Sc. 
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